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Effects of Alcohol on Trichinella spiralis.* 


G. N. Pierce, Jr., AND JAMES B. McNaucur. (Introduced by 
William Dock.) 


From the Department of Pathology, Stanford University School of Medicine, 
San Francisco. 


Since there are reports that the liberal use of alcoholic beverages 
while ingesting trichinous meat offers protection against infection 
and since the use of generous quantities of cognac has been advised 
as therapy in trichinosis,* we have investigated this problem by ex- 
perimentation on rats and by the following im vitro studies. 


* Supported in part by the Rockefeller Fluid Research Fund of the School of 


Medicine of Stanford University. 
1Lommel, F., Handbuch der Inneren Medizin. J. Springer, Berlin, 1925. Vol. 


1, p. 1429. 
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Three white rats, infected 3 months previously with Trichinella 
spiralis obtained from a human diaphragm, were sacrificed, skinned, 
eviscerated, and passed through a meat chopper. The ground meat 
was thoroughly mixed. The following im vitro experiments were 
performed with this material. 

Experiment No, I.—Effect of alcohol on digestion. Five gram 
quantities of the ground rat meat were placed in each of six 250 ml. 
glass beakers with 100 ml. of artificial gastric juice.” Water was 
added to the first 3 beakers in quantities of 10, 20, and 30 ml. while 
absolute ethyl alcohol in similar quantities was added to the remain- 
ing 3. All were stirred simultaneously in an incubator at 37°C. 
according to methods previously described.*7* When examined 
after 6 hours the mixtures in the first 3 beakers were completely 
digested, while those in the last 3 containing the various dilutions of 
alcohol showed only partial digestion. All mixtures were permitted 
to digest for 18 hours when they were strained through a 60 mesh 
brass wire sieve into separatory funnels. Portions of undigested 
meat remained on the sieves of the 3 alcohol mixtures in amounts 
that increased with the strength of the alcohol. The larvae settled 
rapidly. The sediment of each was drawn eff into separate grad- 
uated mixing cylinders and made up to 25 or 50 ml. volume with 
tap water. After thorough mixing, six 0.1 ml. quantities were 
pipetted into the depressions of hanging-drop slides where the larvae 
were readily counted using a magnification of 40 diameters. The 
total numbers of larvae in the concentrate from each 5 gm. of meat 
are shown in Table I. The 3 non-alcoholic digests averaged 12,732 
living larvae while the number in the alcoholic digests varied from 
7,660 to 2,650. In the 9% alcohol only 2% of the larvae were 
tightly coiled, the remainder were loosely coiled non-motile, pre- 

TABLE I. 


Showing Interference of Alcohol with Digestion and Liberation of Trichinella 
in 5 gm. Trichinous Meat. 


Sample Gastric Water Absolute Aleohol Number of Larvae Found 
No. Juice Ml. alcohol actual 

M1. Mi. % Living Oapsulated Dead 
1 100 10 13,150 
2 100 20 13,550 
3 100 30 11,500 
4 100 10 9:0) 7,660 
5 100 20 16.6 400 3,600 
6 100 30 23.0 790 1,860 


2 McNaught, James B., and Anderson, E. V., J. Am. Med. Assn., 1936, 107, 
1446, 


3 Newman, H. W., DeLamater, J. N., and McNaught, J. B., J. Lab. and Clin. 
Med., 1936, 22, 208. 
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sumably dead. In the 16% strength approximately 10% of the 
larvae were still encapsulated while in the 23% fully 30% were 
encapsulated, some with fragments of muscle still adherent, and none 
of the liberated larvae were active. 

It is obvious that alcohol increasingly interfered with the libera- 
tion of the larvae by digestion. This is in accordance with the ex- 
periments of Blotner,* who demonstrated that alcohol destroyed the 
proteolytic activity of certain gastrointestinal enzymes in vitro and 
in vivo. Others® ° have shown that alcohol evokes a flow of gastric 
juice of high acidity but low digestive power. 

Experiment No. I].—Direct action of alcohol on free trichinella 
larvae. Approximately 1000 living trichinella larvae digested free 
of their capsules were added to each of 10 small test tubes containing 
2 ml. of aqueous solutions of ethyl alcohol ranging in strength from 
25 to 0.1% in the first 9 tubes with water in the tenth as a control. 
The strength of alcohol was reduced by half in each tube,'7. e., tube 
1 contained 25% alcohol, tube 2 contained 12.5%, etc. The tubes 
were kept in a 37.5°C. incubator except during observations. 

The activity of the larvae were readily observed under a magnifi- 
cation of 40 diameters. Living larvae were in tight coils or fairly 
active. The dead ones assumed a comma shape. For 6 hours there 
were no changes in the larvae in any of the tubes. At 12 hours all 
larvae in tube 1 (25% alcohol) were dead. At 24 hours all were 
dead in tubes 2 and 3 (6.25%). By 48 hours all larvae were dead 
in the first 5 tubes (1.5%), while at least half were active in each 
of the last 5 tubes including the control. This type of an experiment 
was repeated 4 times during a 2 months’ period, using trichinella 
from various rat digests with similar results. 

These observations show that trichinella larvae are surprisingly 
tolerant to alcohol, resisting a concentration of 25% for more than 
6 hours and of 12.5% for more than 12 hours. Neither of these 
concentrations are maintained in the human stomach for such long 
periods. 

Conclusion. We conclude that a concentration of 25% alcohol 
has little direct action on trichinella in vitro but that concentrations 
as low as 9% interfere with the digestive liberation of encysted 
trichinella. 


4 Blotner, H., J. Am. Med. Assn., 1936, 106, 1970. 

5 Krueger, L., and MacIntosh, F. A., Am. J. Dig. Dis. and Nut., 1937, 4, 104. 

6 Babkin, B. P., Die dussere Sekretion der Verdauungsdriieen. 2nd Ed, 402-407, 
Springer, Berlin, 1928. 
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Effect of Epinephrine on Blood Count and on Hematocrit Value.* 


S. P. Lucia, P. M. AGGELER, G. D. Husser anp M. E. LEONARD. 


From the Division of Medicine, University of California Medical School, San 
Francisco. 


The subcutaneous injection of epinephrine produces certain 
changes in the blood count.** These changes are not dependent upon 
the presence of the spleen.* The leukocytosis that follows injection 
of epinephrine has been attributed to splenic contraction, hemocon- 
centration, stimulation of the bone-marrow, redistribution of formed 
elements of the blood, expulsion of leukocytes from lymph-nodes, 
and stimulation of the vegetative nervous system. Recently it has 
been reported that injection of epinephrine produces a rise in the 
serum potassium®® and that the action of potassium is responsible 
for the reactions ascribed to epinephrine.® 

Human subjects were injected into the deltoid region with single 
doses of one cc. of a 1:1000 solution of epinephrine hydrochloride. 
The usual reactions of anxiety, palpitation, hyperidrosis, tremor and 
elevated blood-pressure occurred. Some of the patients who had 
diseases of the blood-forming tissues complained of soreness over 
the spleen and tenderness over the long bones. 

In the first experiment all blood-counts were made from capillary 
blood (U. S. Bureau of Standards equipment). Differential blood- 
counts were made on cover-slip preparations stained by the Jen- 
ner-Giemsa method. Hemoglobin determinations, and erythrocyte, 
leukocyte, differential, and platelet counts were made before injec- 
tion. Leukocyte and differential counts were made also 10, 20, 40, 
60, and 100 minutes after injection. 

In the second experiment the complete studies enumerated above, 
together with calculations of the mean corpuscular volume, were 
made on samples of venous blood withdrawn before injection and at 


* Assisted by a grant from the Christine Breon Fund for Medical Research. 

1 Loeper, M., and Crouzon, O., Arch. d. Med. Exp., 1904, 16, 83. 

2 Frey, W., and Lury, S., Z. f. d. Ges. exp. Med., 1914, 2, 50. 

3 Frey, W., and Hagemann, E., Z. f. klin. Med., 1921, 92, 450. 

4 Hatiegan, J., Wiener klin. Wehnschr., 1917, 30, 1541. 

5 Lucia, 8. P., Leonard, M. E., and Falconer, E. H., Am. J. Med. Sci. In press. 

6D’Silva, J. L., J. Physiol., 1934, $2, 393. 

7D’Silva, J. L., J. Physiol., 1936, 86, 219. 

8 Schwarz, H., Arch. f. exp. Path. uw. Pharmacol., 1935, 177, 628. 

Camp, W. J. R., and Higgins, J. A., J. Pharm. and Exp. Therap., 1936, 57, 
376. 
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the five stipulated intervals after injections. The Wintrobe tube 
was used for hematocrit determinations, and each sample was spun 
to constant volume at about 2500 revolutions per minute for 3 or 
more hours. 

Results, Experiment I: In all but 4 of 68 patients studied, the 
majority of whom had diseases of the blood-forming tissues, the in- 
jection of epinephrine was followed by a definite leukocytosis. The 
blood of 8 patients who had undergone splenectomy showed a leuko- 
cytic response similar to that of patients whose spleens had not been 
removed. In 56 cases, the increase in number of lymphocytes was 
earlier and relatively greater than that of the other cellular elements ; 
whereas the percentage of polymorphonuclear neutrophiles decreased 
immediately after injection, and then gradually increased as the 
lymphocytes returned to normal values. In the remaining 12 cases 
there was no considerable change in the percentage of lymphocytes. 
Except in 2 cases (one of erythroblastic anemia and one of hemolytic 
icterus ), immature cell-forms did not appear in the circulation in 
numbers sufficient to indicate stimulation of the bone-marrow. 

Experiment II: In 10 patients studied, the injection of epinephrine 
was followed by an increase in the erythrocyte-counts. The max- 
imum values were noted at 20 and 40 minutes after injection, fol- 
lowing which there was a gradual decline to the pre-injection levels 
by the end of 100 minutes. The content of hemoglobin showed 
corresponding fluctuations. In all cases a leukocytosis occurred. 
The maximum leukocyte-count was noted at 10 minutes in 2 cases, 
at 20 minutes in 5 cases, and at 40 minutes in 3 cases. In all cases 
the percentage of lymphocytes first increased and then gradually de- 
creased; whereas the percentage of polymorphonuclear neutro- 
philes decreased immediately after injection and then gradually 
increased as the lymphocytes returned to normal values. In all 
instances, the volume of packed cells increased after the injection of 
epinephrine and gradually returned to normal levels. The maxi- 
mum hematocrit value was found at 10 minutes in 4 cases, at 20 
minutes in 4 cases, and at 40 minutes in 2 cases. In 5 cases the 
mean corpuscular volume was found to be increased, the maximum 
values occurring 10 minutes after injection (maximum variation 
22 cubic micra) ; in 3 cases the volume was decreased and gradually 
returned to the pre-injection level (maximum variation 28 cubic 
micra); and in 2 cases, the volume fluctuated within wide limits 
(maximum variation 34 cubic micra). Tests for fragility of ery- 
throcytes failed to show any alterations following the injection of 
epinephrine. 
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In 5 cases, the addition of epinephrine to samples of blood re- 
moved before injection was without effect. 

Summary. Injections of epinephrine were found to produce 
the following reactions in patients with and without diseases of the 
blood-forming tissues, from whom samples of capillary or venous 
blood were withdrawn: 1. Tenderness over the spleen and long 
bones occurred in some of the patients who had diseases of the 
blood-forming tissues. 2. There was an increase in the erythrocyte 
and leukocyte counts regardless of whether or not the spleen was 
present. 3. The lymphocytes were the first blood-cells to increase in 
numbers following injection. 4. Immature cell-forms did not ap- 
pear in numbers sufficient to indicate stimulation of the bone-mar- 
row. 5. The hematocrit values were increased. 6. The mean cor- 
puscular volume varied too greatly to be of significance. (The cal- 
culation of the mean corpuscular volume is at best only an approxi- 
mation.) 7. The fragility of erythrocytes was not altered. 8. When 
added im vitro to whole blood, epinephrine did not produce signifi- 
cant changes. The results of these experiments are compatible with 
the hypothesis that the leukocytosis following injection of epine- 
phrine is due to hemo-concentration. 
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Local Irritation from Sodium Bisulfite as Preservative in 
Epinephrine Solutions.* 


M. L. TainTer, A. H. THRONDSON AND A. J. LEHMAN. 


From the Departments of Pharmacology, Stanford University School of Medicine, 
and College of Physicians and Surgeons, School of Dentistry, San Francisco. 


A large number of the epinephrine preparations on the market 
contain sodium bisulfite in a concentration of about 0.1%, to pre- 
vent the oxidation of the alkaloid. As far as we can determine, no 
studies have been made on the possible irritant properties of sodium 
bisulfite, so that its suitability for a therapeutic product does not 
seem to have been adequately established. We have, therefore, 
tested the material, to see whether irritant phenomena could be 
produced by this chemical, either in pure solution, or in the media 
in which it is used clinically in local anesthesia. 


* Supported, in part, by grants from the California State Dental Association 
and the Research Commission of the American Dental Association. 
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Sodium bisulfite is an extremely acid salt, as shown by the 
measurements recorded in Table I, obtained with the DeEds glass 
electrode.’¢ 


; TABLE I. 
Hydrogen Ion Concentrations of Sodium Bisulfite Solutions in Normal Saline and 
Local Anesthetic Solutions. 


pH of NaHSO3 dissolved in 


Concentration = 
Sodium Bisulfite 2% Procaine HCl containing 
% 0.9% NaCl 1:25,000 Epinephrine HCl 
0.5 1.82 2.13 
0.1 2.12 2.83 
0.02 2.66 3.59 
0.004 3.62 5.50 
5 


0.0008 6.95 


A test for possible irritation of mucous membranes was made by 
instilling 3 times a few drops of the bisulfite solution in the conjunc- 
tival sacs of rabbits. A 0.5% concentration in saline solution 
caused immediate reddening and chemosis with profuse lacrimation; 
0.1% concentration produced the same changes to a lesser degree, 
while a 0.02% concentration produced only moderate hyperemia. 
Since 0.1% is the concentration of bisulfite usually present in epine- 
phrine solutions, there is a definite possibility that it would cause 
local irritation of mucous surfaces in the conjunctiva, and possibly 
other areas as well. 

Irritation in subcutaneous areas may be tested for by means of 
the colloidal dyes.” For such a test, 0.5 cc. of each bisulfite solution 
in Table I, together with controls of saline and procaine-epinephrine 
solutions, were injected subcutaneously in the previously shaved 
abdominal skin of a rabbit. Then 10 mg. per kg. of trypan blue 
dissolved in 6% dextrose solution was injected intravenously. The 
colloidal particles of trypan blue are too large to pass through the 
endothelium of normal blood vessels. However, in an irritated or 
damaged skin-area, the large dye molecules cannot be held back by 
the endothelium and so escape into the tissues, thus causing locally a 
deep blue stain which sharply marks out the area of increased vas- 
cular permeability. According to this test, irritation was absent 
after the control solutions and those containing 0.004% bisulfite or 
less. The stronger solutions caused definite vascular damage in 


1 Kahler, H., and DeEds, F., J. Am. Chem. Soc., 1931, 538, 2998; DeEds, F., 
Science, 1933, 78, 557. 

t We are indebted to Mr. C. W. Eddy for making the pH measurements. 

2Tainter, M. L., and Hanzlik, P. J., J. Pharm. Exp. Therap., 1924, 24, 179; 
Spagnol, G., Arch. Exp. Path. Pharm., 1928, 137, 250. 
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the injected areas as shown by the appearance of a deep blue color 
locally. 

A final test of possible local toxicity from the bisulfite was made 
by injecting the solutions in Table I both intracutaneously and sub- 
cutaneously in the skin of the forearms of all 3 authors, using 
aseptic technic. For the intracutaneous injections, 0.05 cc. was 
used and for the subcutaneous, 0.1 cc. The subcutaneous injections 
of the bisulfite in saline solution caused intense hyperemia at time 
of injection, followed by some induration. Over 48 hours were 
required for the skin areas to return completely to normal. The 
intensity of the effects was proportional to the concentration of the 
bisulfite, and was definite even with the lowest concentration used. 
The intracutaneous injections of the saline-bisulfite solutions were 
painful and caused hyperemia lasting over 2 hours with concentra- 
tions of the bisulfite of 0.02% or higher, but were painless and 
blanched when the bisulfite was dissolved in the procaine-epinephrine 
solution. The presence of epinephrine stopped the flow of blood 
through the injected area, so that signs of inflammation did not be- 
come visible, even though tissue damage may have occurred. There 
was no necrosis or sloughing in any of the skin-areas, although 
some discoloration persisted for several days. The factor of indi- 
vidual sensitivity was present, since the reactions were not equally 
great in all 3 persons. 

When a patient is given an injection of a 1:1000 epinephrine 
solution containing sodium bisulfite, as preservative, the tissues 
may be exposed locally to 0.1% concentration of the bisulfite. When 
the epinephrine solution is added to procaine, a common practice in 
making local anesthetic solutions, the resulting bisulfite concentra- 
tion may fall between 0.001%, if the end concentration of epine- 
phrine is 1:100,000, and 0.007%, with epinephrine concentrations 
of 1:16,000, as are sometimes used. The results obtained by us 
show that such concentrations of sodium bisulfite are not entirely 
innocuous, but may produce demonstrable, though variable, injury 
to the tissues at the site of application. The reason that irritation 
has not been recognized heretofore is that the strong vasoconstriction 
of sotuenielite obscures or inhibits the inflammatory reddening and 
swelling,* although it cannot prevent damage to the cells. Thee iS 
a dessa possibility, therefore, that the local inflammatory reactions 
commonly seen, after epinephrine vasoconstriction has passed off, 
may be due, at least in part, to the irritant effects of bisulfite. This 


3 Tainter, M. L., J. Pharm. Exp. Therap., 1926, 27, 201; 33, 129; Tainter, 
M. L., and Revive WY. I, Arch. Path., 1928, 6, 872. 
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being the case, search should be made for substitute anti-oxidants 
which would be free from the comparatively minor, but nevertheless 
definite, disadvantages of sodium bisulfite. 
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Experimental Inoculations of Trichomonads from Man into the 
Prostate Gland of Rats. 


CHARLES F. McGREER AND ETHEL McNet. (Introduced by 
Charles A. Kofoid. ) 


From the Department of Zoology, University of California. 


The purpose of these experiments was to determine the duration 
of experimental infections with the 3 human trichomonads in the 
prostate gland of the rat. According to certain recent workers 
Trichomonas vaginalis may occasionally be a causative agent of 
chronic prostatitis. 

Although the incidence of trichomonad infection in the vagina 
of women is fairly high (10-69.9%),* positive reports of T. 
vaginalis in the prostate of men have been rare. Stuhler? found 16 
positive cases out of a total of 32,000 prostate secretions; Riba and 
Perry® reported 2 cases. Nitschke* examined the urine and prostate 
fluid of 40 men suffering from non-specific urethritis and found 5 
of them positive for Trichomonas vaginalis. Working in conjunc- 
tion with Drs. A. M. Meads and T. I. Buckley of Oakland, Califor- 
nia, we have been able to demonstrate one positive case of T. vagin- 
alis out of a total of 100 patients examined. In all cases the ex- 
pressed prostatic fluids were cultured in L.E.B. medium and were 
examined after each 2 to 4 transplants before being discarded as 
negative. This one positive case was a single man, age about 45 
years, having a past history of gonococcal infection 15 years prior 
to this examination. There was no urethral discharge present, the 
gland was normal in size and quite tender on massage. Microscopic 
examination of the expressed prostatic fluid showed approximately 
5% pus cells and numerous flagellates. 

The combined effect of bacteria and protozoa probably accounts 


1 Bland, P. B., Goldstein, L., and Wenrich, D. H., J. A. M. A., 1931, 96, 157. 
2 Stuhler, L. G., Proc. Staff Meeting Mayo Clinic, 1933, 8, 221. 

3 Riba, L., and Perry E., J. Urol., 1929, 22, 563. 

4 Nitschke, P. H., J. A. M. A., 1936, 107, 12. 
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TABLE I. 
Organism—Trichomonas vaginalis. 
Total No. of rats used, 15. % positive, 66.66. 


Previous Passage Source of Hours in 
Rat No. thru rat Material Results Gland 
1 None Culture _ 4 
2 ” ” - 4 
3 ”) ” _—, 5 
4 ao) be) + 5 
5 Me) 5H, eae 5 
6 9 ») — 6 
7 Once Rat No. 6 — 6 
8 None Culture — 24 
9 >) die = 94 
10 Onee Rat No. 1 + 25 
pa None Culture + 30 
12 9) y} Pas. 48 
13 Twice Rat No. 10 _ 103 
14 2 Rat No. 10 + 121 
15 None Culture —_ 144 


Organism—Trichomonas buccalis. 
Total No. of rats used, 15. % positive, 46.66. 


Source of Hours in 
Rat No. Previous Passage Material Results Gland 

I None Culture + 24 

9 ” ” at 24 

3 9 2) = 43 

4 Once Rat No. 2 — 48 

5 None Culture + 49 

6 Once Rat No. 1 aa 121 

ih Twice Rat No. 6 a 144 

8 None Culture Animal died in 96 hrs. 

9 Once Rat No. 1 i 228) Ge 
10 Twice Rat No. 4 ee 7 An 
ial 2, Rat No. 4 a? hamid! BANS Med 
12 a Rat No. 4 ey: 22 Ra DAS 
13 ae Rat No. 4 ae tia EL SY Bis) 
14 ey) Rat No. 4 #2 PT aS Aa, 
15 Once Rat No. 3 Eo teh EEA OY (Vee 


Organtsm—Trichomonas hominis. 


Total No. of rats used, 17. % positive, 64.7. 
Source of Hours in 
Rat No. Previous Passage Material Results Gland 
1 None Culture + 4 
2 1) Phd S 
4 Once Rat No. 2 + 48 
5 None Culture — 48 | 
6 ”) ws) ae 66 | 
7 13 9 = 72 
8 4 22 + 101 
9 Once Rat No. 6 _ 102 
10 Twice Rat No. 4 aa 118 
11 None Culture — 12] 
12 Once Rat No. 3 + 149 
18} 42 Rat No. 6 os 168 
14 Twice Rat No. 4 Animal died in 96 hrs. 
15 Three Rat No. 10 a2 Eee) 
16 xe Rat No. 10 2 2S Da 


17 £1 Rat No. 10 ” 9? 9994 9? 
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for some cases of prostatic trouble. Karnaky* inoculated the bac- 
teria accompanying Trichomonas vaginalis into the vaginal tract of 
women and failed to obtain a vaginitis. When the bacteria were 
mixed with 7. vaginalis he obtained the usual clinical picture. 

In our experimental procedure material was obtained from the 
vagina of women and cultured in L.E.B. medium. An opening 
into the abdominal cavity was made by midline incision and a total 
of 0.5 cc. of this Trichomonas-bacteria culture was injected into 2 
lobes of the prostate gland. After varying intervals (shown in 
Table I), the gland was removed and placed in culture medium to 
determine the presence or absence of Trichomonas. Comparative 
studies using Trichomonas-bacteria cultures of T. hominis and T. 
buccalis were also made. 

Eight of 15 rats were unable to survive inoculation with 7. buc- 
calis and 4 out of 17 died when cultures of T. hominis were used. 
There were no deaths in 15 rats inoculated with T. vaginalis. The 
maximum survival time of 7. vaginalis which had not undergone 
previous animal passage was 30 hours; of T. buccalis 49 hours, and 
of T. hominis 101 hours. The maximum survival times of 7. vagin- 
alis, T, buccalis and T. hominis after previous animal passage were 
121 hours, 144 hours and 149 hours respectively. The increased 
time which the organisms are able to remain viable in the gland may 
be due to an increased degree of pathogenicity of the protozoa, or of 
the bacteria, or both, since in some cases the glands showed indura- 
tion; or it may be due to an increase in the adaptability of Tricho- 
monas to the glandular tissue. 

Summary, The 3 species of Trichomonas do not show any 
significant difference in survival time in the prostate gland if they 
have had previous animal passage. It is interesting to note that 
without previous passage T. buccalis and T. vaginalis closely re- 
semble each other in their survival time. This is in accordance with 
the opinions of several workers who have pointed out the morpho- 
logical similarities of these two species. 

Although it obviously cannot be assumed that conditions in the 
prostate gland of the rat and of man are identical, these experiments 
do indicate that trichomonads can survive for some time in this type 
of tissue. Furthermore, by making cultures of the expressed pros- 
tatic fluid the incidence of T. vaginalis may prove to be greater than 

present statistics indicate. 
The authors wish to express their appreciation to Doctor C. A. 
Kofoid for help and advice in these studies, and to Doctors A. M. 
Meads and T. I. Buckley for their cooperation in this problem. 


5 Personal communication. 
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Determination of Polarity in Fucus Eggs by Temperature 
Gradients. 


E. W. Lowrance. (Introduced by D. M. Whitaker. ) 


From the School of Biological Sciences and the Hopkins Marine Station, Stanford 
University. 


About 18 hours after fertilization the spherical egg of Fucus 
furcatus, reared in sea water in the dark at 15°C., develops a rhizoid 
protuberance at one point on its surface.’ By the time it has ap- 
peared the primary developmental axis of the embryo is fixed. It 
has been shown by other workers that the point of rhizoid origin 
can be determined by exposing the egg to unilateral white light,*” to 
electricity,® to the proximity of neighboring eggs,” *”* or to a 
pH gradient.’ The results of this study show that temperature 
gradients are effective in determining the point of rhizoid origin 
and therefore the primary polarity of the embryo. A detailed ac- 
count of experiments and results of this study will be published else- 
where. 

The experiments were performed in a constant temperature room 
at 15°C. Eggs embedded in sea water-agar jelly* were reared 
between glass capillaries used as thermodes. These were placed 
parallel, one mm. apart. A cold, dilute glycerol solution circulated 
through one thermode. The other thermode inclosed a nichrome 
wire which produced a definite amount of heat when a measured 
current passed through it. 

Gradients of salinity and osmotic pressure that might develop 
parallel to the temperature gradients were prevented by causing 
filtered sea water at room temperature to flow over the top of the 
sea-water agar in which the eggs were embedded. 

Temperatures were measured directly with very small copper- 


1 Whitaker, D. M., Biol. Bull., 1936, 70, 100. 

2 Rosenvinge, M. L. K., Rev. Gén. Bot., 1889, 1, 53. 

3 Kniep, Hans, Jahrb. wissensch. Bot., 1907, 44, 635. 

4 Hurd, Annie M., Bot. Gaz., 1920, 70, 25. 

5 Whitaker, D. M., and Lowrance, E. W., J. Cell. and Comp. Physiol., 1936, 
7, 417. 

6 Lund, HE. J., Bot. Gaz., 1923, 76, 288. 

7 Whitaker, D. M., Biol. Bull., 1931, 61, 294. 

8 Whitaker, D. M., J. Gen. Physiol., 1937, 20, 491. 

9 Whitaker, D. M., Proc. Soc. Exp. Bron. anp Mep., 1935, 38, 472. 

* This medium served to hold the eggs in place and to eliminate convection 
currents between the thermodes. 
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constantan thermocouples and with a high sensitivity galvanometer. 
The thermocouples were embedded in the sea water-agar medium 
near the eggs. 

inating on the sides toward the warm thermode and those with 
rhizoids originating on the sides toward the cold thermode. 

As a control, 225 eggs were reared at 15°C., embedded in sea 
water-agar, but with the temperature gradient omitted. Of these, 
111 (49%) formed rhizoids on the sides toward the thermode which 
inclosed the unheated nichrome wire. This approximates 50% 
and indicates randomness. Eighty-two eggs were reared at 14.0° 
to 15.9°C., and were exposed to temperature gradients of 0.6° to 
0.8°C. per 75 microns? for 24 hours beginning 2 hours after fertili- 
zation. The rhizoids of all (100% ) of these eggs originated on the 
warmed sides. A photomicrograph of the results of a typical ex- 
periment is shown in Fig. 1. 


Eggs were grouped into 2 main classes: those with rhizoids orig- 


1G Ale 
Eggs in sea water-agar developing in temperature gradient of 0.8° C. per 75 
microns. Warm thermode is shown on right. Rhizoids originate on warmed 


sides of eggs. 


The writer is indebted to Dr. D. M. Whitaker, under whom the 
study was carried out, for valuable advice and criticism. 


+75 microns is the mean diameter of Fucus furcatus eggs used. 
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Effects of Surgical Antiseptics on Streptofibrinolysin.* 


R. R. Mapisont anv JANE E. Snow. (Introduced by W. H. 
. Manwaring. ) 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


To determine the effects of surgical antiseptics on the fibrinolytic 
activity of Streptococcus hemolyticus tests were made of: (a) the 
effects of sub-bacteriostatic concentrations of the commoner anti- 
septics on the rate of fibrinolysin-production by glucose veal-infusion 
broth cultures of S. hemolyticus, and (b) the effects of certain 
selected concentrations of the same antiseptics on the coagulation 
and autolysis of human fibrin and on the liquefaction of isolated 
human fibrin by streptococcal cultures (or filtrates). 

To determine the effects of antiseptics on fibrinolysin-production 
sub-bacteriostatic dilutions of the commoner antiseptics (Table I) 
were made in routine dextrose veal-infusion broth. Ten cc. of each 
of the resulting antiseptic-broth mixtures were inoculated with one 
loopful of a 24-hour broth culture of S. hemolyticus and incubated 
at 37°C. for 24 hours. The total bacterial population and the total 
number of fibrinolytic units per cc. were then determined for each 
subculture. (For technics see previous paper.’) Typical data are 
recorded in Fig. 1. 

The table shows a partial inhibition of lysin-production in sub- 
bacteriostatic concentrations of zonite, the lysin-production varying 
proportionally with the rate of streptococcal proliferation. The 
same parallelism between bacterial count and lytic titer was noted 
with all other antiseptics (Table I) thus far tested by us. This 
parallelism tends to confirm our previous conclusion that there is a 
quantitative linkage between the rate of cell-division and the rate of 
fibrinolysin-production with S. hemolyticus, 

To study the effects of the same antiseptics on coagulation and 
autolysis of human fibrin, solutions of fibrinogen and thrombin 
were prepared by the technic of Tillett and Garner.? Serial dilutions 
of the stock antiseptic solutions were made in the standard fibrino- 


* Work supported in part by the Rockefeller Fluid Research Fund of Stanford 
Medical School. 

t Eli Lilly Research Associate in Bacteriology, Stanford University, California. 

1 Madison, R. R., and Taranik, Jeannette D., Proc. Soc. Exp. Bro. AND MED., 
1937, 36, 1. 


2 Tillett, W. S., and Garner, R. L., J. Exp. Med., 1933, 58, 485 
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TABLE I. 
Effects of Antiseptics on Coagulation and Autolysis of Human Fibrin on Its 
Susceptibility to Streptofibrinolysin. 

The first column records the highest dilution of each stock-solution that pre- 
vents im vitro coagulation of human fibrinogen-thrombin complex. Blank (—), 
no inhibition of clotting even with a 1:1 dilution of the antiseptic solution. 

The second column records the highest dilution of the same stock antiseptic 
that will prevent subsequent autolysis. Blank (—), no inhibition of autolysis, 
eyen with a 1:1 dilution of the stock antiseptic. 

The third and fourth columns record the arbitrary dilutions tested for their 
possible denaturing effects on human fibrin, and the percentage susceptibility of 
the resulting antiseptic fibrin complex. 
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Highest dilution Effect on fibrinolysis 
fe \ 
Inhibiting Preventing Critical Fibrin 
Stock Solution of Antiseptic clotting autolysis dilution susceptibility 
To 
0.8% NaCl-solution (control) — = — 100 
0.1% Zonite 1:30 1:300 1:300 100 
2% Phenol — — 1:3 100 
1% Mercurie chloride 1:30 — 1:300 100 
1% Merthiolate 1:30 a 1:300 100 
1% Mercurochrome 1:30 = 1:300 100 
0.6% Potassium permanganate 1:30 — 1:300 100 
0.5% Metaphen 1:3 — 1:30 100 
Mercresin* 1:3 = 1:3 100 
0.03% Phenyl mercuric nitrate = Be) 100 
Mi 31* 1:3 — 1:30 100 
0.5% Hexyl resorcinol stock — 1:30 100 
1.22% Picric acid 1:30 — 1:300 100 
100% Glycerin = 1:3 1:30 100 
0.1% Acriflavine ile) 1:30 1:30 100 
97% Ethyl alcohol 1:3 — 1:30 100 
5.15% Borie acid ites) 1:300 1:30 100 
2% Tannic acid 1:300 a 1:3000 30 
Sulpho-salicylic acid (sat. solu.) 1:300 — 1:3000 30 
0.1% Gentian violet 1:3 1:30 1:30 30 
5.25% Hypochlorite 1:300 1:3000 20 
2% Lysol 1:3 = 1:30 ly 
Tincture iodine 1:300 = 1:3000 12.5 
0.029% Iodine in water lies = 1:30 12.5 
40% Formaldehyde 1:3 1:30 1:30 3 
2.5% Prontosil = = 1:3 100 
10% Sulphonamide 1:30 — 1:300 100 
10% Thromboplastin* = = i 100 


*Standard commercial product. 


gen-solution and coagulation attempted by the addition of a routine 
dose of thrombin. The maximal dilution of each antiseptic that 
prevents coagulation by this technic is recorded in the first column 
of Table I. 

Antiseptic-free human fibrin prepared by this technic usually 
undergoes spontaneous autolysis within 24 hours at 37.5°C. Sev- 
eral of the antiseptics prevented this autolysis. The maximal inhib- 
iting titers for these antiseptics are recorded in the second column 


of Table I. 
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Typical Effects of Dilute Antiseptics on Streptococcal Proliferation and Fibrin- 
olysin Secretion. 

Data obtained with a 0.1% stock solution of zonite. 1:60 to 1:30 serial dilu- 
tions of this stock antiseptic in glucose, veal-infusion broth, inoculated with a 
standard loopful of a 24-hour broth culture of S. hemolyticus, and incubated at 
37.5°C. for 24 hours. 

A, Total number of streptococci per ce. in each 24-hour sub-culture, as deter- 
mined by the Petroff-Hausser counting chamber. 

B, Total number of fibrinolytic units per cc. in the same sub-cultures. (For a 
definition of the arbitrary fibrinolytic unit see previous papers.1) 


Possible chemical denaturation of human fibrin (or possible 
inhibition of the lytic enzyme) was tested with certain selected 
dilutions of each antiseptic. Data thus obtained are recorded as the 
relative susceptibility of the resulting fibrin-antiseptic complex to 
routine doses of streptofibrinolysin. Thus, if in a control tube of 
antiseptic-free human fibrin liquefaction is observed by the end of 
2 hours as a result of the addition of a 1:500 dilution of a given 
streptococcal culture (or filtrate), while in the presence of the se- 
lected antiseptic, a 1:50 dilution of the same culture (or filtrate) is 
required, the antiseptic-fibrin complex is apparently but 10% as 
susceptible as normal human fibrin to streptofibrinolysin. Data 
thus calculated are recorded in the fourth column of Table I. 

According to Menkin,’ and others the main factor preventing the 


3 Menkin, V., J. Hxp. Med., 1931, 58, 647; 1932, 56, 157; 1933, 57, 977. 
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spread of staphylococci, streptococci and related microdrganisms 
from a local focus is the meshwork of fibrin filling interstitial tissue- 
spaces and plugging regional lymphatics. If this is true, antiseptics 
which render encapsulating deposits of fibrin relatively insusceptible 
to streptofibrinolysins would be antiseptics of choice in the local 
treatment of streptococcal infections. In our hands tincture of 
iodine is more efficient in reducing fibrinolytic susceptibility than 
many of the newer antiseptics, a 1:3000 dilution of the tincture 
rendering fibrin but one-eighth its normal susceptibility to liquefac- 
tion by streptococci. 
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Ultrafiltration of Virus of Equine Encephalomyelitis (Russian 
Strain, Moscow No. 2 


A. S. Lazarus* anp B. F. Howirr. (Introduced by K. F. Meyer.) 


From the George Williams Hooper Foundation, University of California, San 
‘ Francisco. 


Bauer, Cox and Olitsky* have recently determined the filtration 
end-point of the Eastern and Western strains of the virus of equine 
encephalomyélitis. Their results have indicated a particle size of 20 
to 30 mp for both types. Previous work by one of us? has indi- 
cated the immunological independence of a Russian strain (Moscow 
No. 2) of this virus, and it was considered of interest to compare its 
size with the results already reported for the two North American 
strains. 

A 20% suspension of guinea pig brain containing active virus was 
prepared in a diluting fluid consisting of equal parts of hormone 
broth, ascitic fluid and sterile distilled water as recommended by 
Bauer, Cox and Olitsky.*. A 1-100 dilution of the stock suspension 
in the same fluid was used for the ultrafiltration experiments, while 
all titrations of the virus whether before or after filtration were 
regularly made in the same diluent. 

The collodion membranes were prepared according to the method 
of Elford,® as modified by Bauer and Hughes.* All filtrations were 


* Edith Claypole Memorial Research Fellow in Pathology, 1936-37. 
1 Bauer, J. H., Cox, H. R., and Olitsky, P. K., Proc. Soc. Exp. Bion. AND MEp., 


1935, 38, 378. 
2 Howitt, B. F., J. Immun., 1935, 29, 319. 


3 Elford, W. J., J. Path. and Bact., 1931, 84, 505. 
4 Bauer, J. H., and Hughes, T. P., J. Gen. Physiol., 1934, 18, 143. 
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conducted at room temperature under positive pressure of 20 to 50 
cm. Hg. The filtrate collected varied from 2 to 4 cc., of which 
0.03 cc. was injected intracranially into each of 3 mice for every 
membrane used. 

Dilutions of 1-1,000, 1-10,000 and 1-100,000 of each filtrate 
were inoculated respectively into each of 2 mice as were similar 
dilutions of the unfiltered stock suspensions. The Russian strain 
gave a titer of 1-100,000 for the unfiltered material and 1-10,000 
for the positive filtrates. 

Comparative experiments with the Eastern (New Jersey) and 
Western (California) American strains were also made using sim- 
ilar dilutions for both filtered and unfiltered material. The Eastern 
virus filtrates were positive in a 1-10,000 dilution when passed 
through the finest membrane (average pore diameter 80 my) while 
the Western virus passed the same size membrane in a 1-100 dilu- 
tion but was negative upon further titration. 

The results of these studies show a sharp end-point for the 
Moscow No. 2 strain between membranes having average pore 
diameters of 160 and 180 mp, and passage of the New Jersey and 
California strains through membranes having an average pore 
diameter of 80 mu. Unfortunately, no membranes with smaller 
pores were available, and the exact end-point of the 2 American 
strains was not determined. However, these results supply partial 
confirmation to the findings of Bauer, Cox and Olitsky.* It is to be 
noted that the filtration end-point of the virus of Borna disease has 
been placed at 170 mp,’ the same figure obtained for our Russian 
strain of equine encephalomyelitis. 

Summary, The Russian strain (Moscow No. 2) of equine en- 
cephalomyelitis virus has a particle size of 85 to 130 mp, using the 
Elford type of graded collodion membranes and the Elford correc- 
tion factor. Under the same filtration conditions, the California 


and New Jersey strains of the same virus have a particle size less 
than 40 mp. 


5 Elford, W. « . and Galloway, L., Brit. J. Exp. Path., 1933, 14, 196. 
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The Bunsen-Roscoe Law Tested for Roentgen Rays on 
Mammalian Lymphoid Cells. 


WILHELM STENSTROM AND JOSEPH T. KING. 


From the Cancer Institute and the Department of Physiology, University of 
Minnesota. 


A study has been made of the intensity factor in radiation using 
mammalian lymphoid cells in tissue culture as the test object. No 
previous data have been published using this material on the ques- 
tion involved. 

Laser* found no difference in the growth rate of cultures of 
fibroblasts (avian) where the same dose was given at different rates. 
Canti* using cultures of chick fibroblasts found that higher intensi- 
ties were more effective in suppressing mitotic rate. Cox® found the 
same effect on mitotic rate and also that the greater intensities and 
shorter time were more effective, judging by length of survival of 
cultures after radiation. Spear* studied both suppression of mitotic 
rate and length of survival in cultures of chick fibroblasts and found 
higher intensities more effective with the same dose. More recently, 
however, Faber’ studying the growth rate of chick fibroblasts failed 
to find any difference when applying a given dose at different rates. 

Fragments of the mesenteric lymph node of adult rabbits were 
planted in clots composed of one part heparinized rabbit plasma and 
3 parts extract of 6-day chick embryos made with rabbit serum. This 
extract has been found to produce more vigorous, denser and more 
regular migration of lymphoid cells (King*). 

Fragments were suspended in serum extract in carrel flasks and 
radiated before planting. This prevents the migration of cells into 
the clot before they have received the specified amount of radiation. 

Fragments are radiated at 37.5°C.; control cultures are kept in the 
same thermostat protected with lead. Thirty-six cultures are pre- 
pared from one animal. These are arranged in 3 groups, control 
and 2 groups for radiation. 

The maximal width of the migration zone at 24 hours is taken as 
index of the effect. The readings recorded are ocular micrometer 
units (114 = 1 mm.). 

1 Laser, H., Strahlentherapie, 1930, 38, 391. 

2Canti, R. G., Acta Radiol., 1929, 10, 320. 

3 Cox, S. F., Brit. J. Radiol., 1931, 4, 111. 

4 Spear, F. G., Brit. J. Radiol., 1931, 4, 146. 


5 Faber, Borge., Acta Radiol., 1935, Supplement xxi. 
6 King, Joseph T., Am. J. Physiol., 1935, 1138, 81. 
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As a preliminary experiment, 2 series (30-36 cultures in a series) 
were run, giving the same dose in the same time to each experimental 
group in the series. Each group was radiated for 4 min. at 150 
r/min. Radiation data: voltage 200 KV; current 30 Ma.; filter 
2mm. Al.; distance 50 cm. Half value layer 0.32 mm. cu. 

The following results were obtained: 


Control 4 Min. 4 Min. 
149 (10) 100 (10) 101 (10) 
147 (10) 101 (10) 98 (10) 


Each figure represents the average of the cultures in the group. 
The number of cultures is given in parenthesis. 

Four series were then run in which the same dose was given at 2 
different rates. The rate was altered by changing the distance from 
50 cm. to 119 cm. 

The following results were obtained: 


Control 4 Min. 22.7 Min. 
162 (10) 101 (10) 103 (10) 
154 (10) 99 (10) 101 (10) 
136 (12) 82 (12) 79 (12) 
148 (12) 93 (12) 81 (12) 


This group of 4 series, when averaged, show values control 150; 
42min. 93:/ 2227 mins o L 

Another group of 4 series were then run using a one mm. copper 
filter in addition to one mm. aluminum. The same distances were 
used, increasing the time to give the same dose. 


Control 15.5 Min. 87.4 Min. 
143 (10) 86 (10) 89 (10) 
150 (10) 99 (10) 101 (10) 
171 (10) 115 (10) 116 (10) 
135 (10) 83 (10) 80 (10) 


Averages for the 4 series—Control 149.7; 15.5 min. 95.7; 87.4 
min. 96.5. 

It should be noted that in a series (7. e., cultures from a given 
animal) the migration rate may be faster or slower as compared 
with another series. When the radiated cultures are compared 
with their own controls the result is relatively constant. 

When the 4 series in each group are averaged it is found on sta- 
tistical analysis that there is no significant difference when the same 
dose is given at different rates. Ina single series there was a differ- 
ence of 12 units. The other series were all remarkably uniform. 

Conclusion. Within the limits studied the Bunsen-Roscoe Law 
applied. 
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Effect of Spaced Radiations on Lymphoid Cells in Tissue 
Culture. 


JosEpH T. Kine AND WILHELM STENSTROM. 


From the Department of Physiology and the Cancer Institute, University of 
Minnesota. 


Spear* reported that the same delayed lethal effect was produced 
in cultures of fibroblasts by a 6-hour radiation (radium) whether 
given as one dose or as 6 one-hour doses on consecutive days. 

He compared’ the effect of single and spaced radiations (radium) 
using the depression of mitotic rate in cultures of fibroblasts as 
index of the effect. He found two radiations of 2%4 minutes spaced 
80 minutes apart more effective than a single 5-minute radiation. 

He also found that dividing a 60-minute radiation into 24 doses 
of 2% minutes given at intervals of 80 minutes greatly enhanced 
the effect. The spaced radiations were equivalent to a single dose 
of 4% hours. In this study delayed lethal effect was the criterion 
used. 

Faber® found that spacing a given dose of radiation did not alter 
its effectiveness in retarding the growth rate of fibroblast cultures. 

In this study the migration rate of mammalian lymphoid cells in 
tissue cultures has been used to determine the effect of dividing 
a given dose of X-rays into 2 equal fractions with a time interval 
between. The extent of migration at 24 hours was used as index of 
the effect. 

The culture technique is described in an accompanying paper. 

Fragments of adult rabbit mesenteric lymph node were radiated 
suspended in serum chick embryo extract at 37.5°C. and subse- 
quently planted. They were kept at this temperature during the in- 
terval between radiations. All cultures were kept in the radiation 
thermostat; those not being radiated were protected with lead. 

Radiation data: 200 KV; 30 Ma; filter 2 mm. al; distance 50 cm. 
Half value layer 0.32 mm. copper. 

The single dose was given in 4 minutes at either 150 or 184 
r/min.; the split dose in 2 radiations of 2 minutes each with the 
designated interval. 

Seven series (approximately 225 cultures) were studied in which 


1 Spear, F. G., Proc. Roy. Soc. B., 1931, 108, 190. 
2 Spear, F. G., Proc. Roy. Soc. B., 1932, 110, 224. 
3 Faber, Borge., Acta Radiol., 1935, Supplement xxi. 
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the interval between the two 2-minute radiations was 3 hours. The 
results are given in tabular form. 


TABLE I. 
4 min. 2 min.-3 hr.-2 min. 
108 104 
103 103 
101 95 
96 92 
93 89 
90 79 
95 84 


The average for the single dose is 98; for the split dose 92.29. 
The average difference is 5.71; the standard error of the difference 
isn oz. 

In 3 series with a 14-hour interval values of 102 for the single 
dose and 103 for the split dose were obtained. 

In 2 series in which the 2-minute radiations were separated by 
simple stopping and starting the machine immediately, the value for 
both the single and split dose was 107. 

Conclusion, Spaced radiation was found to be slightly more 
effective in inhibiting the migration rate of lymphoid cells when the 
interval between the radiations was 3 hours. Limited data at the 
indicated shorter intervals failed to reveal this difference. 


9324 P 
Origin of the Sympathetic Trunks in the Chick Embryo. 


Davin S. Jones. (Introduced by E. A. Boyden.) 


From the Department of Anatomy, University of Minnesota. 


In most current textbooks of neuroanatomy and embryology the 
sympathetic trunks are described as arising from the spinal ganglia. 
This conception is based on the older descriptions and upon the 
more recent experimental investigations of Mueller and Ingvar’ or 
Van Campenhout.? On the other hand, the sympathetic trunks are 
described as arising from the neural tube by a few of the earlier 
workers and by the majority of later workers, particularly by Kuntz.* 

1 Mueller, H., and Ingvar, S., Arch. f. mikr. Anat., 1923, 99, 650. 


2 Van Campenhout, E., Arch. de Biol., 1931, 42, 479. 
3 Kuntz, A., J. Comp. Neur., 1926, 40, 389. 
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To gain further information on this subject 2 types of operations 
have been performed on chick embryos at 40-48 hours of incubation. 
First, the neural crests, with contiguous portion of the neural tube, 
were removed from the lower cervical and upper thoracic region 
for as many as 7 segments. The operation was performed under 
a binocular dissecting microscope by direct ablation with fine iridec- 
tomy scissors. The 25 embryos that survived this operation for a 
total incubation period of 7 days were then prepared for study by 
a modified Cajal technique, following which the nervous system in 
the region of operation was reconstructed graphically or in wax. 

These 25 embryos may be divided into 2 groups, 13 of which 
(Group 1) have uninterrupted spinal cords extending throughout 
the region of operation and 12 of which (Group 2) have inter- 
rupted spinal cords, the gap ranging from one to 7 segments. The 
embryos of the first group show that the removal of neural crests 
and contiguous areas of the neural tube for as many as 7 segments 
does not prevent the formation of sympathetic trunks even though 
the spinal ganglia fail to develop in the area of operation. The 
embryos of the second group show that in cases where one to 3 
segments of the spinal cord are missing (7 specimens) the sympa- 
thetic trunks will bridge the gap, but in cases where 2 to 7 segments 
of the cord are absent (5 specimens) the sympathetic trunks are in- 
terrupted. In the latter cases the sympathetic trunks extend into 
the region of operation for a distance of from one to 5 segments. 
Sympathetic ganglion cells however, migrate into the region only for 
a distance of from one to 3 segments. The migration of sympa- 
thetic trunks into the area of operation always proceeds from the 
cephalic end of the wound, never from the caudal end. Accordingly, 
if 3 segments is the maximum extent of migration of sympathetic 
neuroblasts, and this migration proceeds only from the cephalic end 
of the wound, it is apparent that the sympathetic trunks of an em- 
bryo in which 7 consecutive spinal ganglia are missing could not 
have resulted from migration of cells from the ends of the wound. 
So it must be concluded that the trunks arise from cells of the neural 
tube that migrate along the pathway of the ventral roots and com- 
municating rami. 

Further evidence that this conclusion is correct is afforded by a 
study of the normal 3-day chick embryo. At this stage the ventral 
roots of the spinal nerves are crowded with large neuroblasts similar 
in morphology to those in the wall of the neural tube. A continu- 
ous cellular strand of neuroblasts may be followed from the neural 
tube along the ventral roots and communicating rami to the position 
of the sympathetic trunks dorso-lateral to the aorta. 
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The negative results of Mueller and Ingvar* who found that de- 
struction of the neural crests in the 48-hour chick would prevent the 
formation of the sympathetic trunks are explained on the ground 
that in using an electric cautery, the effects of which cannot be 
localized, these investigators injured more than the neural crests and 
so delayed or prevented the outgrowth of neuroblasts from the ven- 
tral portion of the neural tube. Also, the significance attached to the 
occurrence of both spinal and sympathetic ganglia in amyelous 
monsters without ventral roots is discounted by a 7-day embryo 
with an unclosed neural tube, but with ventral roots, spinal and 
sympathetic ganglia—an early stage of what would undoubtedly 
have become an amyelous embryo. 

The weight of evidence afforded by these experiments and con- 
siderations, therefore, seems to favor the view that the source of 
most, if not all, of the neuroblasts that form the sympathetic trunks, 
is the neural tube. 
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Production of Canine Blacktongue on Purified Diets. 


Harowp R. Street. (Introduced by F. H. Scott.) 


From the Laboratory of Physiological Chemistry, University of Minnesota. 


Goldberger and coworkers’ produced the canine disease black- 
tongue, on diets consisting principally of natural foodstuffs (largely 
corn, cow peas, and casein). They believed that the ability of cer- 
tain foodstuffs to prevent the disease was due to their content of a 
specific heat-stable component of the vitamin B complex identical 
with the human pellagra-preventive (P-P) factor. The P-P factor 
has been rather generally considered? to be identical with the rat 
factor, vitamin G (B,). 

Certain doubts have been cast on this view of the production of 
blacktongue. Zimmerman and Burack* maintained dogs on an 
“artificial, balanced ration adequate in all dietary essentials as far 
as is known except water-soluble, heat-stable vitamin B, (G),” and 
these dogs did not develop blacktongue but a different disease. 

1 Goldberger, J., Wheeler, G. A., Lillie, R. D., and Rogers, L. M., U. S. Public 
Health Reports, 1926, 41, 297. 


2 Aykroyd, W. R., and Roscoe, M. H., Biochem. J., 1929, 28, 483. 
3 Zimmerman, H. M., and Burack, E., J. Exp. Med., 1934, 59, 21. 
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Rhoads and Miller* also reported that they were unable to produce 
blacktongue by feeding diets lacking in G (B.). It has even been 
suggested* that blacktongue is due to multiple deficiencies of the 
Goldberger diet rather than to lack of a specific vitamin. 

The demonstration of the multiple nature of the heat-stable frac- 
tion of the B complex has led to an explanation of some of these 
discrepancies. Birch, Gyorgy, and Harris® fed 4 dogs on a “syn- 
thetic” basal ration, complete except for the B complex, supple- 
mented with lactoflavin [now known to be the rat factor, vitamin 
G (B,)*] and highly purified vitamin B (B,). Typical blacktongue 
appeared in each dog, proving conclusively that blacktongue is due 
to lack of some member of the vitamin B complex other than B 
(B,) or G (Bz). 

At the time of the appearance of the above work I had nearly 
completed an independent investigation on the production of black- 
tongue on “synthetic” diets. Four dogs were fed the following 
basal ration which is complete except for B vitamins: purified casein 
19 parts, glucose 66, salt mixture (Osborne-Mendel) 4, cottonseed 
oil 8, and cod liver oil 3 parts. This was supplemented by a vitamin 
B (B,) concentrate prepared according to the method of Evans and 
Lepkovsky.’ Typical oral symptoms of blacktongue ranging from 
slight to acute occurred in the 4 dogs in 21, 21, 32, and 45 days, 
respectively. Control dogs receiving the same diet, with 6% auto- 
claved yeast added, remained perfectly healthy. These results are 
in complete agreement with those of Birch, Gyorgy, and Harris. 

In view of the complexity and controversial nature of this prob- 
lem of the etiology of canine blacktongue, and the belief on the part 
of many investigators that the solution of this question can throw 
considerable light on the cause of human pellagra, this independent 
confirmation of the results of Birch, Gyorgy, and Harris seems sig- 
nificant. From the work accomplished thus far there is little ques- 
tion that blacktongue involves in its etiology a lack of some water- 
soluble dietary factor or factors found in the so-called vitamin B 
complex and distinct from vitamins B (B,) and G (B,). 

4 Rhoads, C. P., and Miller, D. K., Science, 1935, 81, 159. 

5 Birch, T. W., Gyorgy, P., and Harris, L. J., Biochem. J., 1935, 29, 2830. 


6 Booher, L. E., J. Biol. Chem., 1934, 107, 591. 
7 Evans, H. M., and Lepkovsky, S., J. Nutrition, 1931, 3, 353. 
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Experimental Exophthalmos in the Guinea Pig. 


Donatp L. Pautson. (Introduced by C. M. Jackson. ) 


From the Department of Anatomy, University of Minnesota. 


Smelser* described a stainable infiltrate occurring between the fat 
cells, muscle fibers, the lobules of the lacrimal gland, and in the con- 
nective tissue of the orbit in thyroidectomized guinea pigs injected 
with thyrotropic hormone. This infiltrate was said to consist of 
granules and droplets, presumably lipoid, as well as many lympho- 
cytes scattered throughout the tissue. He reported that human 
biopsy specimens of muscles, orbital connective tissue and fat ob- 
tained at operation from 2 low B. M. R. exophthalmos cases showed 
an infiltration indistinguishable from that obtained experimentally. 

In the present study 12 immature guinea pigs whose weights 
ranged between 232 and 320 gm. were used. In 6 animals a thyroid- 
ectomy was done. One intact and one thyroidectomized animal were 
used as controls. Five intact and 5 thyroidectomized animals 
were given daily intraperitoneal injections of 25 to 40 guinea pig 
units of Antuitrin “T”’,* a potent anterior pituitary gland extract 
containing the thyrotropic factor separated from the other hormones 
of the hypophysis. Biopsy of the thyroid gland in 2 instances after 
5 injections of the extract revealed a marked hyperplasia. The 
animals were sacrificed at intervals, after from 10 to 55 daily in- 
jections of the hormone. The control animals were sacrificed after 
55 days, at the end of the experiment. At autopsy, the orbital con- 
tents were removed as one piece of tissue and specimens of skeletal 
muscle from various parts of the body were taken. 

Exophthalmos was judged as having developed in 4 of 5 intact 
and in 4 of 5 thyroidectomized animals from the seventh to the 
tenth days of injection. The apparent proptosis was more definite 
early in the experiment and appeared to be of the same degree in 
both sets of animals. 

Histologically, definite changes in the lacrimal gland were found 
in all animals injected with the thyrotropic hormone. While the 
lacrimal glands of the control animals occasionally contain isolated 
areas of excessive vacuolization of the alveolar cells, this is marked 
in the animals given thyrotropic hormone. The alveoli are abnor- 


1 Smelser, G. K., Proc. Soc. Exp. Bron. AnD MED., 1936, 85, 128. 

* Antuitrin ‘‘T’’ was provided for this experiment by Dr. E. A. Sharp, Diree- 
tor, Department of Experimental Medicine, Parke, Davis and Co. Each ec. con- 
tains 50 guinea pig units of the thyrotropic factor. 
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mally dilated, and there are numerous large areas of apparent de- 
generation. The glandular cells contain large vacuoles and pyknotic 
nuclei. In some cells the cytoplasm is entirely gone. The connective 
tissue stroma is apparently increased and fibroblasts are present. In 
some areas this connective tissue preserves the outlines of the alveoli; 
in others the architecture of the gland is completely lacking. Col- 
lections of lymphocytes are only occasionally seen. These changes 
are most marked in the Harderian lacrimal gland (the extensive 
gland occupying a large part of the orbit in the guinea pig), but are 
seen also to a lesser degree in the intraorbital lacrimal gland (occu- 
pying the posterior angle of the orbit). 

These findings are evident in the lacrimal gland of one animal 
sacrificed after receiving 10 injections of the extract, and are most 
marked in an intact animal with exophthalmos sacrificed after re- 
ceiving 18 injections. In all other instances, these changes are 
present but to less extent, despite the fact that these animals re- 
ceived from 30 to 55 injections of the hormone. This fact appears 
to be correlated with the observation that the exophthalmos was 
most marked early in the experiment. 

With respect to the extra-ocular muscles, in some instances a 
definite degeneration and interstitial edema are present. The muscle 
fibers are broken at intervals, have a granular appearance, and a loss 
of striations and substance is evident. The fibers are widely sepa- 
rated, and the connective tissue is edematous but not increased in 
amount. These findings are not consistent in the extra-ocular 
muscles of all animals, nor are they consistent in those muscles of 
the same animal. They were observed in 4 animals, 2 of which were 
thyroidectomized, and were most marked in a thyroidectomized 
animal sacrificed after 47 injections of the hormone. 

No changes were found in the other skeletal muscles except for 
the orbicularis oculi, where in a few instances degeneration of 
muscle fibers is evident. 

Reese’ described degeneration, fibrosis and lymphocytic collections 
in the lacrimal glands of 2 human cases of progressive exophthal- 
mos. It is possible that in man and the guinea pig these changes 
are the result of hyperfunction of the gland. 

The pathology in the extra-ocular muscles appears to be similar 
to that accompanying progressive exophthalmos in man described 
by Burch’® and Naffziger.* 

2 Reese, A., Arch. Ophth., 1935, 13, 855. 


3 Burch, F. E., Minn. Med., 1929, 12, 668. 
4 Nafiziger, H. C., Ann. Surg., 1931, 94, 582. 
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Production of Mucoid Dissociants of B. Coli by Thermal 
Variation. 


T. D. BECKWITH AND H. R. Morcan. 


From the Department of Bacteriology, University of California at Los Angeles. 


On agar-plate cultures of B. coli stored at 18-20°C. for one week, 
a mucoid outgrowth from several colonies was observed. Subcul- 
tures from this mucoid structure indicated that the mucoid charac- 
teristic could be maintained only if cultures were incubated at this 
temperature. Revis' noted that mucoid forms of B. coli obtained 
by storage of organisms in soil would retain this characteristic if 
incubated at 20°C. but reverted to the more typical form if incubated 
at 37°C. Smith’s? strain of mucoid B. coli from bovine sources 
retained its mucoid consistency when stored at 4.5°C. if drying out 
did not take place. 

Our mucoid organisms were physiologically stable. Stains re- 
vealed a zoogleeic structure similar to that reported by Revis.* 

To determine the influence of temperature on the persistence of 
the mucoid characteristic, transfers were made from the mucoid 


TABLE I. 


Incubative Temperature in Centigrade and Maintenance of Mucoid Variant of 
B. coli. 


Strain of B. coli 


Mean Limits of — 7 
Temp.,°C. Temp. 2 3 4 
oa 3 - 4.5 0 0 0 
8 6.5- 9.5 0 0 0 
9.5 9 -11.5 0 0 0 
10 5.5-10 Baia Mem wil gs Sy ae Fs aire 
13 os) +t 6 Sees + 
14 wey elle Sethe ae eee 
15 14 -16 Sea ae ote ate et 
16 14 -17.6 Shia sat tear Sao 
17 16 -17.6 sb -bh= Sear ack 
17.6 14 -20 +++ +44 44 
19.5 19.5 + “= LL 
21.5 17.6-21.5 — —_ + 
25 25 Sa + + 
29 29 + — + 
37 37 — = —_ 
0 = no growth. 
+ = degree of mucoidness of growth. 


heavy growth but no mucoid character. 


1 Revis, C., Centralbl. f. Bakt., II Abt., 1910, 26, 161. 
2 Smith, T., J. Exp. Med., 1928, 48, 351. 
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growth of 3 strains of B. coli on 1% glucose-agar plates. These 
were incubated at various temperatures for a period of 5 days be- 
fore the type of growth was recorded as in Table I. 

The marked correlation between incubative temperature and mu- 
coid growth of B. coli indicates that the thermal factor is important 
in the production of mucoid dissociants of this organism. 
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Bacterial Nutrition of the California Mussel. 


CLAUDE E. ZOBELL AND WINIFRED A. LANDON. 
From the Scripps Institution of Oceanography, University of California, La Jolla. 


The sea mussel, Mytilus californianus, like other lamellibranchs, 
derives its nourishment from the microorganisms and finely divided 
detritus which it swallows.* It has been suggested that bacteria 
may constitute a very important part of the food of such plankton- 
and detritus-feeders.»* MM. californianus was selected for experi- 
mentation along this line because of its abundance in the vicinity, 
its convenient size and the ease with which it can be maintained in 
the laboratory. 

Specimens measuring 6-9 cm. in length and weighing 20-50 gm. 
were scraped clean of organisms attached to their shells and placed 
singly in liter jars of aérated sea water in the dark. After 2 weeks’ 
inanition a bacterial suspension was added to each jar. A red coccus 
and a spore-forming bacillus which were morphologically and cul- 
turally distinctive enough to be readily recognized were used. They 
were grown on nutrient agar in Blake bottles and washed in 2 
changes of saline by centrifuging. The mussels removed most of 
the bacteria from suspension within 2 hours as indicated by the 
clearing of the water,* whereas in control jars lacking mussels the 
water remained turbid for several hours. Three hours after the 
addition of about 200 million bacteria per cc., plate counts revealed 
the presence of less than ten thousand bacteria per cc. in jars con- 
taining mussels. That many of these bacteria were actually ingested 
and not merely clumped or rejected as pseudo-feces* was proved by 


1 Fox, D. L., Bull. Scripps Inst. Oceanogr., Tech. Ser., 1936, 4, 1. 

2 MacGinitie, G. E., Science, 1932, 76, 490. 

3 Baier, C. R., Arch. f. Hydrobiol., 1935, 29, 183. 

4 Fox, D. L., Sverdrup, H. U., and Cunningham, J. P., Biol. Bull., 1937, 73. 
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microscopic and cultural demonstration of bacteria in the stomachs, 
especially on the head of the style, of dissected mussels soon atten 
receiving a bacterial meal. abe 

The disappearance of bacteria from the digestive tract within 6 
hours after the bacterial meal and their paucity in the animal’s feces 
were regarded as evidence that the bacteria were digested by the 
mussels. Further proof was obtained by demonstrating the occur- 
rence of digestive enzymes which lyse bacteria. The viscera, in- 
cluding the digestive diverticula, stomach, style and intestine of 
several large well-fed mussels were ground with sand and the re- 
sulting extract pressed through cheesecloth. A few drops of this ex- 
tract were added to toluene-preserved suspensions of bacteria buf- 
fered at pH 7.0 in small test tubes and held at 25°C. After different 
intervals smears of the mixture were stained and examined micro- 
scopically. Although much of the enzyme was probably lost by this 
technic, there was enough to dissolve the bacteria rapidly. The test 
has been made on 18 different marine bacteria? which were lysed 
by the extract. There was little or no lysis in the controls in which 
the extract was inactivated by heat. 

Finally, the assimilation of the ingested and digested bacteria was 
proved by other feeding experiments. Small mussels 2-4 cm. long, 
weighing 2-5 gm. each, were used because small ones would be ex- 
pected to grow more rapidly than larger ones. After an initial 
quarantine and inanition period of 2 weeks they were placed in 
groups of 3 per liter of filtered sea water. The water was aérated 
in the dark at 14-15°C. Three times each week bacteria were added 
in sufficient numbers to give about 200 million per cc. Eight jars 
received the red coccus, 8 received the spore-forming bacillus and 
nothing was added to the 8 control jars. Twice each month the 
mussels were weighed. Individuals were identified by depositing 
a drop of colored sealing wax on the shell. Once a month the water 
was replaced by filtered sea water. After 9 months, 47 of the 
original 72 mussels were still alive, including 17 of the 24 fed the 
coccus, 21 of the 24 fed the bacillus, and 9 of the 24 controls. Some 
of the survivors gained weight and others lost but a statistical treat- 
ment of the data revealed that the coccus-fed mussels gained an aver- 
age of 0.46 gm. each or 12.4%, the bacillus-fed mussels gained an 
average of 0.39 gm. or 9.7%, and the fasting controls lost an aver- 
age of 0.21 gm. each or 6.8%. It is estimated that during the 9- 
month period the mussels received 24 gm. of bacteria each and about 


$e 
5 ZoBell, C. E., and Feltham, C. B., Bull. Scripps Inst. Oceanogr., Tech. Ser., 
1934, 3, 279. 
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2.4 gm. of solid material, since the bacteria contain about 90% water. 
Mussels have been maintained in this laboratory for 16 months on 
an exclusive diet of bacteria. Professor T. Kincaid® has maintained 
oysters for several months with nothing to eat except bacteria. The 
oysters appeared to develop normally and their glycogen-content 
increased. 

To date a total of 30 different new and undescribed species of 
marine bacteria® have been filtered from prepared sea-water sus- 
pensions by mussels, ingested and probably digested. In general, 
bacteria washed free of their metabolites do not seem to injure 
mussels unless so many are added that their respiration vitiates the 
water. In the presence of appreciable concentrations of bacterial 
nutrients such as peptone, the products of bacterial metabolism are 
usually toxic for the mussels.* The peptone itself is not toxic as 
indicated by the fact that mussels survive for several days in pep- 
tone solutions at refrigerative temperatures which retard bacterial 
activity.* 

Most of the bacteria fed to mussels were alive. Heat-killed bac- 
teria were also ingested by the mussels but they were not tolerated 
in as large doses as the living ones. This is attributed to the vitia- 
tion of the water by other bacteria which are always associated 
with the mussels and which multiply at the expense of the organic 
matter from the heat-killed bacteria. Bacteria known to be patho- 
genic for animals have not been fed to the mussels. 
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Augmentation of the Gonadotropic Hormone from the Pregnant 
Mare.* 


ALLEN LEIN. (Introduced by Bennet M. Allen.) 
From the Department of Zoology, University of California at Los Angeles. 


Several investigators have described the so-called augmentation 
phenomenon, which has recently aroused considerable interest in its 
applications to the study of the gonadotropic hormone obtained from 
the blood and certain other tissues of the pregnant mare. Cole and 


6 Personal communication, University of Washington, Seattle. 

* The authors acknowledge the technical assistance of Catharine B. Feltham 
and the helpful advice of Dr. Denis L. Fox. 

* The writer wishes to thank Prof. B. M. Allen and Mr. Boris Krichesky for 
their many helpful criticisms and suggestions. 
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Hart? have shown that pregnant mare serum, when combined with 
pituitary synergist, is able to augment the action of the latter sub- 
stance. However, non-pregnant serum, having no gonadotropic 
activity when tested on immature rats, was also found to augment 
the pituitary synergist, which is known to have follicle-stimulating 
activity. It was thus believed that both pregnant and non-pregnant 
mare serum perhaps contain a luteinizing hormone which is effective 
only when combined with pituitary synergist. However, later work” 
confirmed the findings of Maxwell,® who reported that inert ma- 
terials such as proteins and salts of heavy metals, when combined 
with pituitary extracts, produce this augmentation phenomenon. 
Thus, it appears likely that the contained serum proteins, rather than 
any hormone, are responsible for the augmenting action of the mare 
serum. 

The present work was undertaken in order to determine further 
the possibility of augmenting mare gonadotropic hormone through 
the use of pituitary factors. The mare hormone used was not taken 
from the blood serum but from the endometrium where it occurs in 
its greatest concentration. The pituitary preparation used was an 
acetone-ammonia extract* of sheep hypophysis, and its activity indi- 
cated that it contained primarily the luteinizing principle. The test 
animal throughout this work was the 21-day-old immature female 
mouse. Single injections of the pregnant mare gonadotropic hor- 
mone were made and the animals autopsied 5 days later; the pitui- 
tary factor, however, was administered in 3 doses given at 48-hour 
intervals, and the animals were sacrificed 5 days after the first in- 
jection. 

Injection of a given quantity (6 rat units) of pregnant mare 
hormone into test animals increased the weight of the ovaries so 
that their combined weight in each animal averaged 4.3 mg. The 
above mentioned pituitary extract, when administered alone, had no 
observed effect on the weight of the ovaries of the test mice. Since 
it has been demonstrated repeatedly that luteinizing hormone is 
ineffective in immature animals, these results would appear to be 
what we should expect. In order to determine whether or not this 
pituitary luteinizing principle would augment the action of the 
pregnant mare hormone, these 2 preparations were administered 
simultaneously. The average weight of the ovaries of animals thus 


1 Cole, H. H., and Hart, G. H., Proc. Soc. Exp. Bron. anD Mep., 1934, 32, 370. 

2 Saunders, F. J., and Oole, H. H., Proc. Soc. Exp. Bion. nD MeEp., 1936, 83, 
505; Fevold, H. L., Hisaw, F. L., and Greep, R., Am. J. Physiol., 1936, 117, 68. 

3 Maxwell, L. C., Am. J. Physiol., 1934, 110, 458. 

4Catchpole, H. R., and Lyons, W. R., Am. J. Anat., 1934, 55, 167. 
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treated was 9.0 mg. This represents an increase of 109% in ovary 
weight. 

In order to test whether this was a hormonal action or was simply 
due to the presence of proteins, the sheep pituitary extract was in- 
activated by heating at 100°C. for 25 minutes. Using doses equal 
to those previously injected, the heated material was administered to 
test animals simultaneously with pregnant mare hormone, and it was 
found that the heated hypophyseal extract had lost its ability to 
augment the action of the pregnant mare hormone. These data 
tend to indicate that the augmentation obtained by using unheated 
pituitary extract is dependent upon hormone activity rather than 
upon the presence of inert proteins. However, since heating is 
known to produce profound chemical changes in proteins, further 
experiments, which would control this factor, seemed advisable. 
Therefore, an extract of muscle, which had the same concentration 
of proteins as that contained in the pituitary solution, was prepared, 
and this was injected into test mice simultaneously with pregnant 
mare hormone. Ovary weights indicated that the muscle extract is 
incapable of augmenting the gonadotropic material from the preg- 
nant mare. 

It is of interest to note that, although inert materials such as 
proteins and salts of heavy metals are able to augment the gonado- 
tropic hormone from the pituitary gland, our data seem to indicate 
that these inert materials will not augment the endometrial gonado- 
tropic hormone of the pregnant mare. This is in accord with the 
work of Saunders and Cole,” who state that the addition of ZnSO, 
to pregnant mare serum has no effect in augmenting the action of 
the latter substance. In order to explain the above phenomena ade- 
quately and correlate them with other recently published work, it is 
obvious that further information concerning the underlying mechan- 
ism of augmentation is essential. Experiments which may throw 
some light upon this problem are now being performed in this 
laboratory. 

Summary, The action of the gonad-stimulating hormone ob- 
tained from the endometrium of the pregnant mare is augmented by 
pituitary extracts containing primarily the luteinizing hormone. 
This augmentation is not brought about by using inactivated pitui- 
tary material or extracts of muscle. Thus, augmentation obtained 
in this experiment is dependent on hormonal action and is not 
produced by the use of the inert materials tested. 
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Influence of Spleen on Leucocyte Count of the Albino Rat. 


Morry Lirsuirz. (Introduced by G. H. Ball.) 


From the Department of Zoology, University of California at Los Angeles. 


Numerous investigators’® have found that following splenectomy 
in dogs, rabbits, and rats there is produced a leucocytosis of unusual 
severity, which lasts longer than the time required for a return to 
normal following other surgical procedures of similar intensity. 
Bonanno‘ demonstrated that benzol administered to normal and 
splenectomized rabbits induced a consequent leucopenia, but that 
the renewal of leucocytes was more rapid in the splenectomized ani- 
mals than in the controls. Lee’ showed a change toward normal 
from leucocytosis following the injection of spleen emulsion to 
splenectomized rabbits. MacDonald* observed that the return to 
normal of the leucocyte count of dogs was more rapid, if at least 
1/10 of the spleen was left in situ during splenectomy. Liles® found 
that the usual post-splenectomy rise in blood-platelet count decreased 
following the transplantation of spleen tissue into splenectomized 
rabbits. 

These investigations seem to show that the spleen exerts some 
sort of inhibitory influence upon blood leucocyte and thrombocyte 
formation or release, which function is lost by the organism, at 
least temporarily, following splenectomy. 

It was our purpose to observe the changes in the leucocyte count, 
total and differential, in Bartonella-free albino rats: (1) following 
splenectomy, (2) following splenectomy of rats with spleen trans- 
plants, (3) following splenectomy of rats with muscle transplants, 
and (4+) following a major surgical operation, partial hysterectomy. 

To determine the picture obtained following splenectomy, the 
spleens were removed from a group of 24 male and female albino 
rats. It was found that the post-splenectomy rise in leucocyte count 
was consistently 3 to 4 times normal, due to a marked myeloid 
neutrophilia. Blood was obtained by clipping off a portion of tail 
including 3 or 4 caudal vertebrae, a procedure used in all cases. 

Four female rats, litter mates to some of the splenectomized 


1 MacDonald, Am. J. Surgery, 1934, 23, 514. 

2 Tramontano, V., Pathologica, 1932, 24, 667. 

3 Godard, H., J. Phys. et path. Gén., 1932, 80, 640. 

4 Bonanno, A. M., Pathologica, 1934, 26, 832. 

5 Lee, Y. C., Trans. Jap. Path. Soc., 1932, 22, 299. 

6 Liles, R. T., Proc. Soc, Exp. Biot. anD Mzp., 1926, 23, 489. 
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animals, were partially hysterectomized, a procedure which con- 
sisted of excision of a portion of the left cornua of the uterus be- 
tween a point about one cm. below the abdominal ostium and the 
uterine bifurcation. The post-operative rise in leucocyte count 
was found to be 1% to 2 times normal, due to a slight neutrophilia. 
The return to normal took place in less than a month, a marked con- 
trast with the splenectomized rats which retained a count above 
normal for several months. 

Early in December, 1936, 4 eight-month-old rats received spleen 
transplants from younger rats, each animal receiving one whole 
spleen. These homiografts were planted in 4 equal pieces into 4 
pockets in the fascia just ventral to the rectus sheath of the ab- 
dominal wall. Four other litter mates received muscle transplants 
similarly administered. Counts in both these groups one month 
following transplantation showed no significant change over counts 
obtained immediately before. Both groups were splenectomized 
February 11, 1937, and counts of tail blood were taken at varying 
intervals for a month and a half. On April 5 the sites of spleen 
transplantation were explored, and of the 16 transplants given 
more than 4 months previously, 14 appeared to have taken, as evi- 
denced by reddish-brown nodes that were found in the positions of 
the former transplants. These nodes were excised, fixed, sectioned, 
mounted, and stained with Delafield’s haematoxylin and eosin. The 
sections were studied and from the appearance of their histological 
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Leucocyte Count, Spleen Transplant and Splenectomy. Typieal Case—Rat No. 62. 
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structure the spleen transplants were considered functional. After 
April 5, further counts were taken in each rat. (Fig. 1.) 

Similarly, the muscle transplant sites were explored. As no par- 
ticular centers of activity were found, 4 sections of fascia were re- 
moved from each of these animals on April 10, and blood counts 
made subsequently until April 19. (Fig. 2.) 
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Leucocyte Count, Muscle Transplant and Splenectomy. Typical Case—Rat No. 69. 


Summary, It is evident from the work described and the charts 
shown that in the Bartonella-free albino rat: 1. Following splenec- 
tomy, the total leucocyte count increases to 3 to 4 times normal. 
2. This increase is due to a neutrophilia of a myeloid type which is 
more intense than that following other trauma. 3. Following a 
comparable surgical procedure, partial hysterectomy, the total leuco- 
cyte count increases to 114 to 2 times normal. 4. This increase is due 
to a weak neutrophilia of a type that is usually found following surgi- 
cal trauma. 5. Following spleen transplantation into a spleen-possess- 
ing rat, there appear to be no significant changes. 6. Following 
splenectomy, there is a lesser leucocytosis of a neutrophilic nature 
in the spleen transplant recipients than in the muscle transplant con- 
trols. 7. This leucocytosis approaches normal with greater rapidity 
in the spleen transplant recipients than in the controls. 8. Following 
removal of the spleen transplants, the blood picture resembles that 
following splenectomy, though in milder fashion. 9, Following 
removal of the muscle transplant sites, the blood picture indicates 
mild trauma. 10. Spleen homiotransplants may be 88% successful. 
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Conclusions. It is concluded that in the Bartonella-free albino 
rat: 1. Splenectomy induces greater neutrophilic leucocytosis than 
does a comparable surgical trauma, due to the consequent absence of 
an inhibitory influence on leucocyte production. 2. The normal spleen, 
as one of its functions, exerts an inhibitory influence on the leuco- 
poietic centers, thus balancing the activity of leucopoietic-stimu- 
lating centers. 3. Spleen transplants function similarly to normal 
spleen tissue in controlling leucocyte production or release. 4. This 
inhibitory influence of the spleen on leucocyte formation or release 
may be considered as possibly an endocrine activity. 
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Mechanism of Cellular Death by High Pressure, Compression 
of Yeast in Sodium Chloride Solutions. 


B. J. Luyet ann E, L. Hopapp. 
From the Department of Biology, St. Louis University. 


In a previous work" it has been shown that yeast cells suspended 
in tap water are killed in various lengths of time by pressures ex- 
tending from 4000 to 7000 atmospheres. The present investigation 
was undertaken to determine the effect, if any, of the kinetic condi- 
tions resulting when high pressure is exerted on salt solutions of 
various concentrations. 

The yeast, Saccharomyces cerevisiae, strain ‘“Levure Royale’, 
was obtained from the Anheuser-Busch Brewing Co. of St. Louis, in 
starch-free cakes. Two percent suspensions of the yeast in dis- 
tilled water solutions of NaCl, varying in concentration from .005M 
to .4M, were put into glass vials of about one cc. capacity, stoppered 
with rubber corks. The pressure chamber consisted of a cylindrical 
cavity, 1.2 inch in diameter, bored in a steel block, and fitted with a 
hardened steel plunger. A rubber disc served as packing for the 
plunger. Four vials containing yeast in solutions of different con- 
centrations could be compressed in the chamber at the same time. 
Care was taken to exclude air from the solutions in the vials and 
from the water which filled the chamber. A motor-driven hydraulic 
press supplied the pressure. From the readings of a previously 
tested gauge, mounted on the press, we calculated the effective 
pressures inside the chamber. After a 2-minute compression and a 
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sudden decompression the yeast cells were stained with methylene 
blue and the number of dead (stained) cells was counted. The 
temperature of the room varied from 18° to 22°C. 

The results are plotted in the accompanying graph. Each point 
represents the percentage obtained in a count on 800 cells. 
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Number of cells killed at pressures of 5300 and 6000 atmospheres, in terms of 
the NaCl concentration. 


In a previous investigation we found that pressures of 5300 and 
6000 atmospheres applied to a tap water suspension of yeast, kills 
in 2 minutes respectively 48 and 76% of the cells. (Luyet, op. cit.). 
The addition of 3% NaCl to tap water increases the percentage 
killed at the same pressures to 69 and 94%. There is, therefore, a 
combined action of pressure and salt concentration. In the experi- 
ments with distilled water solutions reported in this paper, a similar 
combined action is shown at salt concentrations increasing from 
0.2M to 0.4M (right hand side of the graph). But this combined 
action is not the sum of the injurious effects of each one of the 2 
factors acting separately, for no yeast cell is killed by NaCl alone at 
the concentrations used. The kinetic conditions created by the re- 
duction of the volume of the solution under pressure (about 13% 
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for water at 5000 atmospheres’) might explain the combined action 
of the 2 factors. 

But the left hand side of the curves presents a different course 
and cannot be explained in the same manner. Here a decrease in 
the salt concentration increases the lethal action of pressure. The 
second of the 2 factors involved in the combined action appears to 
be the proportion of distilled water. We found that distilled water 
kills 50% of the cells in 90 minutes and that the addition of in- 
creasing quantities of NaCl makes it less and less injurious. So, 
taken separately, each one of the 2 factors is injurious and their 
combined action is more than the action of each factor alone. 
Whether or not it is equal to the sum of the 2 injurious influences 
cannot be decided at present and depends on the results of experi- 
ments now in progress in which the yeast is left in distilled water 
or in dilute solutions for various lengths of time before being 
pressed so that the degree of injury can be determined. 


DSoeak: 


Relation of Inclusion Blennorrhea to Swimming-Bath Conjunc- 
tivitis as Determined by an Accidental Transmission.*+ 


L, A. JULIANELLE. 


From the Oscar Johnson Institute, Washington University School of Medicine, 
St. Louis. 


That the conjunctivitis of infants designated as inclusion blen- 
norrhea is transmissible to the adult was first demonstrated by 
Wolfrum’ when he inoculated successfully 2 volunteers inducing 
what he considered to be trachoma. The diagnosis, however, based 
partially on the presence of inclusion bodies in the experimental 
disease and partially on his conviction of their specificity in tra- 
choma, was not justified by the clinical manifestations. Gebb,” on 
the other hand, also reporting successful transmission, concluded the 
condition resulting from the inoculation was not trachoma. There 


2 Bridgman, P. W., The Physics of High Pressure, London, 1931, p. 130. 

* Conducted under a grant from the Commonwealth Fund of New York. 

t This report is part of a more extensive study on the etiology of inclusion 
blennorrhea to be published later in the American Journal of Ophthalmology in 
collaboration with Drs. R. W. Harrison and A. C. Lange. 

1 Wolfrum, M., Klin. monatsbl. Augenhetlk., 1910, 48, 154. 

2Gebb, H., Z. Augenheilk., 1914, 31, 475. 


618 IncLuston BLENNORRHEA AND BATH CONJUNCTIVITIS 


the matter remained until recently when Thygeson* reported the 
results of his elaborately conducted and carefully controlled experi- 
ments in which material from infants with inclusion blennorrhea 
transferred to adults initiated not trachoma but swimming-bath 
conjunctivitis. ; 

During the course of experiments on inclusion blennorrhea in this 
laboratory, the opportunity was afforded to study the progress of 
an accidental transmission of this disease to an adult. While irri- 
gating the eyes of an infant 11 days old, on the fifth day ot sus- 
pected gonococcal conjunctivitis, some of the exudate was dis- 
charged into the left eye of the attending nurse. Despite immediate 
and vigorous lavage, a mild conjunctivitis was obvious on the fol- 
lowing morning, when Dr. A. C. Lange was consulted. Because of 
the diagnosis in the case of the infant, optochine was prescribed, 
and on the fifth day the first appearance of small scattered follicles 
suggested a mistaken diagnosis in the case of the infant. Scrape 
smears of the conjunctiva stained by Wright or Gram showed 
neither inclusion bodies nor gonococci. On the sixth day, smears 
were repeated and numerous inclusions were found, but not gono- 
cocci. Smears made on the same day (11th) of the infant’s con- 
junctiva likewise revealed inclusions without gonococci, thus justi- 
fying the diagnosis of inclusion blennorrhea. The infection in the 
nurse remained confined to the accidentally inoculated eye and pro- 
gressed rapidly into swimming-bath conjunctivitis. The symptom- 
ology at the height of the infection consisted of a marked papillary 
hypertrophy of the conjunctiva which obscured the follicles to some 
extent, swelling and ptosis of the upper lid, and moderate discharge. 
Inclusion bodies were found at first with relative ease, and later in 
less and less numbers. After approximately 6 weeks during which 
grattage was performed twice , the infection subsided without either 
extending to the other eye or leaving any trace of its former pres- 
ence, and inclusion bodies were no longer demonstrable. 

Materials from both the infant and the nurse were inoculated in 
monkeys (M. rhesus), Without desiring to enlarge upon the experi- 
mental results in the monkey, it is necessary to state at the present 
time only that there followed with both materials a follicular con- 
junctivitis, not only indistinguishable from each other but even from 
that of experimental trachoma. Of 8 monkeys inoculated, 6 were 
infected, and inclusion bodies were found in only 2. The inclusions 
numbered one in one instance and 2 in the other, and they were 
found only on one day early during the experimental disease. 


8 Thygeson, P., Am. J. Ophthal., 1934, 17, 1019. 
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The conclusion seems warranted that inclusion blennorrhea and 
swimming-bath conjunctivitis are essentially the same disease, the 
former representing the conjunctival response of the infant, the 
latter the conjunctival response of the adult to the same etiological 
agent. Thus, the studies reported on this aspect of the disease by 
Thygeson receive confirmation from the present observation. 
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Responses of the Kidney to Reflex and Direct Stimulation of the 
Splanchnic Nerve. 


W. F. ALEXANDER AND A. J. Korxis. (Introduced by Albert 
Kuntz. ) 


From the Departments of Microanatomy and Internal Medicine, St. Lowis Uni- 
versity School of Medicine. 


The intravenous administration of epinephrine, as is well known, 
results in reduction of the kidney volume by reason of the vasocon- 
strictor action of the drug. Reversal of this reaction following the 
administration of ergotamine tartrate in small doses has been amply 
demonstrated.” The experimental results here reported demon- 
strate the reactions of the kidney to reflex stimulation of its vaso- 
motor nerves by means of other agents and to direct splanchnic 
stimulation both before and after the administration of ergotamine 
tartrate. 

The experiments have been carried out on dogs under morphine- 
urethane and cats under nembutal anesthesia. Acetyl-beta methyl- 
choline chloride was administered to the dogs by means of ionto- 
phoresis. In the cats all the drugs used were administered intra- 
venously. In the experiments carried out on the dogs, the changes 
in kidney volume, blood pressure and urine output were recorded; 
in those carried out on the cats the records included changes in kid- 
ney volume, blood pressure and limb volume. 

The typical effects of acetyl-beta methylcholine chloride adminis- 
tered by iontophoresis in dogs is a very short preliminary rise in 
kidney volume, followed by a fall corresponding to the fall in general 
blood pressure, and reduction in the urine output until after a few 
minutes it consists of an occasional drop. The duration of these 


1 Hamet, R., Compt. Rend. Acad. Sci., 1926, 182, 1045. 
2 Wulp, G. A., and Nelson, E. E., J. Pharm. Exp. Therap., 1931, 42, 143. 
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experiments was about one hour. A current of 40 milliamperes was 
applied for 6 minutes. The output of urine is restored as soon as 
the blood pressure commences to rise toward the normal. When the 
blood pressure has returned to normal, the kidney volume increases 
until it rises above that recorded initially and returns to the initial 
level at the end of 5 to 10 minutes. 

According to Hamet,° the initial rise in kidney volume and the 
secondary rise after the return of the systemic blood pressure to 
normal are both definite vasodilator responses of the kidney caused 
by acetylcholine. Acetyl-beta methylcholine chloride was used in 
these experiments because of its prolonged action and stability. Our 
results agree with those of Hamet, but if there is a definite vaso- 
dilator response to acetylcholine, there probably should be vasodi- 
lator fibers to the kidney vessels. 

In the experiments carried out on cats similar results were ob- 
tained by the intravenous injection of 0.2 cc. of 1-1,000 solution of 
acetyl-beta methylcholine chloride. The initial rise in kidney vol- 
ume was not evident, but there was a definite decrease in limb 
volume, subsequently followed by a slight increase. Kidney volume 
in the cats reacted in the same manner as it did in the dog. 

Stimulation of the distal end of the cut splanchnic nerve causes 
a rise in blood pressure, a decrease of kidney volume and a rise in 
limb volume. After ergotamine tartrate the kidney response is 
reversed. One-half cubic centimeter of a 1-2000 solution of ergota- 
mine tartrate was found to be sufficient to cause the reversal effect 
upon the kidney vessels but not upon the systemic blood pressure. 
This dosage corresponds to that found necessary by Hamet,* Wulp 
and Nelson,” and Van Dyke,* to elicit this reaction on the renal 
vessels. The minimum dosage necessary to cause the reversal effect 
on the renal vessels varies widely, from 0.0054 mg. to 0.11 mg. per 
kilo body weight, but is rarely as high as the latter. Stimulation of 
the splanchnic nerve after the administration of ergotamine causes 
a definite increase in kidney volume, but also a slight rise in systemic 
blood pressure and an increase in limb volume. 

With the adrenal glands intact it is almost impossible to produce 
the reversal effect of epinephrine upon the blood pressure no matter 
how much ergotamine is injected; consequently, the right adrenal 
was ligated and the left either ligated or removed. Even after this 
has been done it is difficult to produce a reversal effect when the 
splanchnic nerve is stimulated at 12 cm. for 10 seconds. 


3 Hamet, R., Compt. Rend. Soc. de Biol., 1926, 94, 727. 
4Van Dyke, H. B., J. Pharm. Exp. Therap., 1926, 27, 299. 
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Our results indicate that by the time enough ergotamine has 
been administered to prevent the rise in blood pressure or to produce 
the blood pressure reversal effect by stimulation of the splanchnic 
nerve after ergotamine, the kidney vessels no longer react and are 
paralyzed so that stimulation produces only a small response which 
corresponds to the changes in blood pressure. 

The reaction of the kidney vessels after small doses of ergota- 
mine cannot be explained at present. Possibly the constrictor fibers 
to the kidney vessels are more sensitive to ergotamine than the other 
vessels, or their control over these vessels is less complete, conse- 
quently, they require less of this alkaloid to paralyze the endings, 
thus allowing the kidney vessels to react to adrenalin in the same 
manner that they do after section of the splanchnic nerve, 1. e., by 
dilatation. 

The only direct response of the renal vessels seems to be constric- 
tion to adrenalin; all the other responses evidently are passive. The 
kidney volume increases or decreases as the blood pressure rises or 
falls. 

The results of these experiments seem to indicate that the renal 
vessels are without vasodilator fibers and that the splanchno-per- 
ipheral balance probably plays the most important role in governing 
the vasomotor activities of the kidney and, consequently, kidney 
volume. 
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Treatment of Serum Serving to Remove Its Serum-Sickness- 
Causing Activity. 


L. R. Jones AND Moyer 5S. FLEISHER. 
From the Department of Bacteriology, St. Lowis University School of Medicine. 


We have reported previously concerning a reaction appearing 
on the ears of rabbitst subsequent to an injection of either whole 
horse serum or fractions thereof, which may be considered as analo- 
gous to serum-sickness in human beings.’ In addition, studies con- 
cerning the serum-sickness-causing activity of the various serum 
proteins led to the suggestion that the more important substance 
concerned in causing serum-sickness may be some agent other than 


1 Fleisher, M. S., and Jones, L., J. Exp. Med., 1931, 54, 597. 
2 Fleisher, M. S., and Jones, L., J. Immun., 1938, 24, 383. 
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the proteins themselves although this agent appears to be associated 
with the pseudoglobulin.* ne 

It has been found that by the addition of adequate quantities of 
alkali or acid to serum (normal or immune), exposure of the mix- 
ture to heat and subsequent neutralization, the serum-sickness-caus- 
ing activity may be destroyed so that rabbits injected with the cus- 
tomary amounts of serum will not develop manifestations of the 
disease. 

In order to minimize or prevent damage to antibody incident to 
this type of treatment of serum, it is necessary to adjust the various 
factors concerned in the treatment of the serum. Six factors must 
be considered: 1, The amount of alkali used (between 0.2 gm. and 
0.1 gm. for 100 cc. of serum when using NaOH) ; 2, the dilution of 
the mixture (from 1:2 to 1:10); 3, the temperature to which the 
mixture is exposed (from 45°C. to 55°C.); 4, the time of ex- 
posure (from 30 min. to 18 hr.); 5, the type of antibody in the 
serum; 6, the particular sample of serum being treated. The first 
4 factors must be balanced against each other in relation to the last 
2 factors. 

By this method the serum-sickness-causing factor may be de- 
stroyed so that rabbits receiving treated serum (10 cc. per kg.) do 
not develop serum-sickness while rabbits injected with the same 
untreated serum develop manifestations of serum-sickness in 6 of 10 
animals. In sera which are no longer active in causing serum-sick- 
ness, from 50% to 100% of the original protective antibody is re- 
tained. 
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Changes in Ribs of Guinea Pigs Following Administration 
of Cattle Anterior Pituitary Extract. 
(Acromegalic Rosary). 


MARTIN SILBERBERG AND RUTH SILBERBERG.* 


From the Department of Pathology, Washington University School of Medicine, 
St. Louis, Mo. 


In previous investigations we could show that after 10 to 21 in- 
jections of acid extract of cattle anterior pituitary a growth effect 
becomes manifest in cartilage and bone of young guinea pigs. The 

3 Jones, L., and Fleisher, M. 8., J. Immun., 1934, 26, 455. 


* We are indebted to Dr. Leo Loeb, who made it possible for us to carry out 
these investigations. 
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principal changes observed are as follows: (1) The epiphyseal car- 
tilage in a first stage undergoes hypertrophy and hyperplasia; this is 
followed in the majority of cases by an accelerated calcification and 
ossification of the epiphyseal linet (2) In certain cases hypertrophy 
and hyperplasia of the cartilage take place without acceleration of 
ossification. (3) Arthropathic lesions of an acromegalic type may 
occur in the joints. 

These changes are accomplished without the mediation of the thy- 
roid gland.” 

In these investigations we wished to study the effects of the ex- 
tract if administered over longer periods of time. The present re- 
port deals only with its action on the chondro-osseous junction of 
the ribs of normal as well as of thyroidectomized guinea pigs. 

Twelve young guinea pigs of both sexes weighing on the average 
140 gm. received daily intraperitoneal injections of 1 to 1% cc. of 
acid extract of anterior pituitary of cattle for periods varying be- 
tween one and 5 months, while 10 additional animals were not in- 
jected and served as controls. In 16 other guinea pigs of approxi- 
mately the same weight the thyroids were completely removed under 
ether anesthesia. Eight of these animals received daily injections of 
acid extract for various periods, up to 5 months. The remaining 8 
were not injected and served as controls. All the guinea pigs were 
kept under the same environmental conditions and their weights 
were taken daily. At the end of the experimental term various parts 
of the skeleton were fixed, incompletely decalcified, and stained, as 
described previously. 

Gross appearances: In normal guinea pigs injected for longer 
than 3 months a thickening of the ribs in their entire length became 
noticeable. In addition a bulbous enlargement of the chondro- 
osseous junction of the ribs, particularly of the lower ones, was 
seen. In some instances small nodular newgrowths with a hard 
consistency and having a bluish white color were detected. These 
lesions were still more pronounced in the thyroidectomized injected 
animals. After 5 months’ treatment a typical rosary-like condition 
of the chondro-osseous junction was found. The largest of these 
new formations were about the size of lentils. 

Microscopic examination: The line of ossification is, on the whole, 
regular: The bonemarrow is sharply demarcated from the preexist- 
ing cartilaginous parts. The changes occur in the zone of the rest- 
ing and columnar cartilage as well as at the side of the inner layer 


1 Silberberg, M., Proc. Soc. Exp. Biot. AND MED., 1935, 32, 1423. 
2 Silberberg, M., Proc. Soc. Exp. Brot. AND MED., 1936, 35, 66. 
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of the perichondrium and the neighboring periosteum: The resting 
cartilage cells are more numerous than normally. Their nuclei are 
generally well preserved and their cytoplasm is somewhat enlarged ; 
it takes on a light stain and contains small vacuoles here and there. 
The cells of the columnar cartilage are definitely hypertrophic, show- 
ing a markedly enlarged vacuolar cytoplasm. In some places the 
nuclei have assumed an intensely red eosin stain; distinct structural 
differentiations in the nuclei are lacking. A single cartilage-capsule 
may enclose as many as 4 or 5 cells and these cell groups may oc- 
casionally undergo degeneration, as is indicated by the liquefaction 
of their cytoplasm. The interstitial connective tissue is diminished 
in amount. Toward the periphery of the rib the cartilage is dis- 
tinctly stained bluish by hematoxylin. The normally vertical ar- 
rangement of the columnar cartilage assumes more and more an 
oblique direction, until the position of the columns has become 
almost radial extending in a bow into the zone between periosteum 
and bone. In addition to the cartilage cells, the actively stimulated 
perichondrium and periosteum participate in the new formation by 
means of hypertrophy and hyperplasia of the spindle cells, and their 
growth activity may even exceed that of the cartilage proper. These 
spindle cells become more numerous and then assume a more oval 
and rounded shape; they are characterized by a large amount of 
cytoplasm, which encloses nuclei stained deeply blue with the hema- 
toxylin; thus they resemble typical chondroblasts. In advanced 
stages the most centrally situated cells of the new growth appear 
polyhedral and are converted into chondrocytes. Here and there 
calcification of these cartilaginous cells is noticeable; the intercellular 
stroma is developed only to a very limited extent. In the most 
advanced cases the newly formed cartilaginous mass represents a 
callus-like structure situated between the periosteum and perichon- 
drium on the one side and the original rib on the other side. 

Associated with these changes are plastic processes within the 
bone-marrow, in particular in areas adjoining the cartilaginous 
growth. In the marrow, fibrillar connective tissue has replaced the 
lymphoid structure. Furthermore a conversion of these fibrous ele- 
ments into cartilage cells could be observed. 

In thyroidectomized animals, all these changes are even more 
marked than in the guinea pigs with intact thyroid glands. There 
exists, however, no essential difference between these two groups of 
animals. 

Summary. Administration of acid extract of cattle anterior 
pituitary, when continued over long periods of time, leads to the 
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following changes at the chondro-osseous junction of the ribs of the 
growing guinea pig: (1) The preéxisting resting and columnar car- 
tilage cells undergo hyperplastic and hypertrophic changes which 
are associated with certain retrogressive processes in the cells. 
(2) In the cells of the perichondrium and periosteum a pronounced 
hyperplasia takes place followed by an accelerated conversion of 
these cells into cartilaginous tissue with subsequent calcification. 
(3) The bone marrow becomes transformed into fibrous connective 
tissue in which cartilaginous islands develop in places adjoining the 
hyperplastic cartilage. Through the cooperation of both these 
growth processes an abundance of cartilage may develop. 

We find various transitions between ordinary hypertrophy and 
hyperplasia of the preéxisting cartilage cells to the formation of a 
rosary-like newgrowth. In advanced cases, at a time when usually 
the growth of the skeleton is terminated, the formation of tissue 
may become so very extensive that it leads to the production of a 
parosteal “rosary”. These changes are very similar to those de- 
scribed by Erdheim® in cases of human acromegaly. They also cor- 
respond to the alterations observed by us in the cartilage of the 
epiphyseal line and the joint following injections of the extract over 
shorter periods of time. These changes may be even more marked 
in thyroidectomized than in non-thyroidectomized animals, which 
provides further proof for the conclusion that, in guinea pigs, cattle 
anterior pituitary extract acts on the growth of bone and cartilage 
without the mediation of the thyroid gland. 
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The Fibro-Muscular Scrotal Sac Under Normal and Experi- 
mental Conditions in an Annual Breeder (Citellus).* 


L. J. Wetts. (Introduced by Carl R. Moore. ) 


From the Department of Anatomy, University of Missouri. 


What causes the testis of an adult ground squirrel to ascend into 
the peritoneal cavity during the non-breeding period? Is decrease 
in testis-size a primary factor, or does the scrotum regress and force 
the testis to ascend? The scrota of 89 ground squirrels (Citellus 


3Erdheim, J., Veroeffentlichungen a. d. Gebiete d. Pathol. in Einzeldarstel- 
lungen, Julius Springer, Berlin, 1931. 

* Aided by a grant from the Committee for Research in Problems of Sex, 
National Research Council. 
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tridecemlineatus) have been studied in an attempt to answer these 
questions. Details concerning the normal sexual cycle in the male 
are presented elsewhere.” ” 

The present report deals largely with the muscular pouch which 
incloses testis and epididymis, designated in this paper by the name 
“fibro-muscular scrotal sac” (Fig. 2). This sac is composed of the 
following layers: peritoneum, internal spermatic fascia, cremasteric 
skeletal muscle and external spermatic fascia (Figs. 1, 3). The 
fibro-muscular sac of each animal was freed of its contents, severed 
at the inguinal ring (Fig. 3), weighed while fresh, fixed in Bouin’s 
solution and sectioned at 6 micra for microscopical study. 

The scrotal sac of prepuberal males undergoes a gradual increase 
in weight (Table 1). The sacs of adults are large in males with 
large scrotal and spermatic testes, and are greatly reduced in size 
in animals having small, abdominal and aspermatic testes. Weight 
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Longitudinal section through abdominal wall and fibro-muscular scrotal sac. 
Contents of sac intact. x 2.3. 
Fig. 2. 
Ventral view of ground squirrel with skin and superficial fascia removed. «K We. 
Fig. 3. 
Same as Fig. 1 with sac contents omitted. Sac routinely severed at level of 
solid line for weighing. » 2.3. 


1 Johnson, G. E., Foster, M. A., and Coco, R. M., Trans. Kans. Acad. Sci., 
1933, 36, 250. 
2 Wells, L. J., Anat. Rec., 1935, 62, 409, 
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of paired sacs in males with spermatozoa ranged from 0.1212 to 
0.5215 gm., yet this weight was slightly less than the average for 
males lacking spermatozoa in only 2 of 32 cases. The greatest 
weight of paired sacs in any aspermatic male was 0.2400 gm., and 
this is significantly less than the average weight for animals with 
spermatozoa. Data for individual animals indicate clearly that 
variations in sac weight lag behind variations in testis weight. The 
testis may be experimentally caused to remain spermatogenetically 
active within the scrotum during the non-breeding period by sub- 
jection of the animal to cold temperature and darkness*; such males 
have large scrotal sacs. 


TABLE I. 
Weight of Fresh Fibro-muscular Scrotal Sacs of Unoperated Males. 
Data expressed as averages for each group. 


Fresh Wt. Weight of 2 

Month of No.of Body Wt., of one testis, Sperma- _ scrotal sacs, 
Age Autopsy Animals gm. gm. tozoa gm. 
Adult Jan.-May 32 228 .8654 Present .3338 
June-Dec. 18 208 1320 Absent 1338 
Aug.-Dec.* 8 190 8515 Present 3044 
Young August 4 137 .0453 Absent .0438 
October 2 174 1905 dg .1440 
January 1 222 8475 as sly 


*Experimental animals exposed to constant temperature of approximately 4° C. 


Microscopical studies indicate that weight of the fibro-muscular 
sac depends on the amount of skeletal cremasteric muscle. Whether 
variation in the amount of muscle is due to hypertrophy or hyper- 
plasia, or both, has not been determined, but this question is being 
investigated. 

The fibro-muscular sac has been experimentally emptied of its 
conterts by unilateral castration and by production of unilateral 
cryptorchidism, in prepuberal males. Such animals were operated 
during September-October and autopsied during February-March 
when the untreated testis had become large, scrotal and spermatic. 
The empty sac was invariably small in comparison with the normal 
contralateral one (Tab'e II). These experiments indicate that the 
sac does not undergo its maximal development when its contents 
are experimentally removed. 

Does the fibro-muscular sac depend upon testis hormone for its 
maintenance? This question was experimentally investigated by 
removing either one testis or both testes from each of 11 males 
possessing spermatozoa and functional accessory reproductive or- 


3 Wells, L. J., Anat. Rec., 1935, 64 (Suppl.), 138. 
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TABLE II. 
Effects of Removing the Testis from the Sac in Prepuberal Males. 
Data expressed as averages for the group. 


Weight of fresh 
fibro-muscular 


Wt. of sac, gm. 
one normal ——————“x 
No.of Month of Body Wt., intact testis, Empty Normal 
Animals Autopsy gm. gm. Spermatozoa sac sac 
8* Feb.-Mar. 245 1.0205 Present .0869 .2014 
ot Feb.-Mar. 240 8047 fe .0732 .1493 


*Unilaterally castrated. 
+Unilateral cryptorchidism experimentally produced. 


gans. Testis removal occurred on April 2, and the animals were 
killed 31 days later on May 3. Average weight of paired sacs of 
bilateral castrates was only approximately 33% as great as that 
in normal males with spermatic testes (Tables III, 1). Weight of 
the empty sac of unilateral castrates was invariably less than that of 
the normal one. 

That these results were not elicited by destruction of vascular and 
nervous elements of the sac during the surgical removal of the testes 
is suggested by the fact that the empty sac weighed only slightly 
less than the normal one in unilateral castrates. It seems that other 
factors were operating. Since the average weight of paired sacs 
from bilateral castrates was less than the average weight of the 
empty sac of unilateral castrates, one logically assumes that testis 


TABLE III: 
Effects of Testis Removal on the Fibro-muscular Scrotal Sae in Adults. 


Wt. of fresh sac 


Wt. of Wt. of in gm. 
Body Wt. one testis Wt.in gm. of seminal — 
Animal atautopsy removedat intact testis vesicles, Empty Normal 
No. gm. operation at autopsy gm. SAG sac 
1388* 210 .9318 .9399 .6013 1304 .1638 
1389* 195 .4918 5155 9729 1151 1527 
1391* 215 7155 .7418 7838 1531 .2214 
1392* 205 6461 6358 .9828 .1538 1794 
1393* 195 7445 .6738 1.1884 1341 1822 
Aver. 204 .7059 7018 .9058 1373 .1799 
1394t 185 5437 .0496 .0809t 
1395+ 200 4482 .0926 .0962t 
1396t 225 7340 .0598 -1094t 
1397t 204 4473 0691 -1203t 
1398+ 202 7015 .0431 1247+ 
1399t 232 .6903 .0657 .1781t 
Aver. 208 5941 .0633 1182+ 


*Unilaterally castrated. 
tBilaterally castrated. 
tTotal weight of both sacs, 
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hormone is a major factor in sac maintenance. Animal 1399 
(Table IIT) is of special interest, however, because the epididymis 
was removed from the sac on one side, and was left intact in the 
other; the empty sac weighed 0.0799 gm. while the other weighed 
0.0982 gm. That the weight of the empty sac in unilaterally cas- 
trated animals is not due to a subminimal amount of testis hormone 
is suggested by the fact that seminal vesicles were entirely typical of 
those found in normal breeding males. It seems probable, or at 
least possible, that some of the decreased weight of sacs in both 
unilateral and bilateral castrates may be due to a decreased tonus 
of the cremasteric fibers, perhaps due to an absence of mechanical 
stress following testis removal. 

It is concluded from these results that the ascent of the testes in 
adults of this species is not primarily due to scrotal failure, since the 
scrotum appears to be dependent on the testis. Perhaps the decrease 
in testis weight is the primary factor causing ascent, but the results 
of the present study do not prove that it is. The evidence suggests 
that testis hormone is responsible for maintenance of the sac. De- 
crease in the output of testis hormone, which has been previously 
found to closely follow testicular regression in normal males,’ could 
account for the decrease in the weight of the sac. But the character 
of the functional sac is not entirely determined by testis hormone; 
mechanical stress produced by mere presence of the testis within 
the sac appears to be a factor in both development and maintenance 
of,the fibro-muscular scrotal sac. Variation in the weight of the sac 
is caused by fluctuation in the amount of skeletal muscle. Whether 
this variation is due to hypertrophy or hyperplasia of muscle fibers 
is being investigated. 
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Amino Acids (Natural and Synthetic) as Influencing Hemoglobin 
Production in Anemia. 


G. H. WHIPPLE AND F. S. RoOBSCHEIT-ROBBINS. 


From the Department of Pathology, The University of Rochester School of 
Medicine and Dentistry, Rochester, New York. 


We wish to submit evidence that histidine and phenylalanine (both 
natural and synthetic forms) may under certain conditions exert a 
definite influence upon the regeneration of red cells and hemoglobin 
in standardized dogs made anemic by blood withdrawal. We have 
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been accumulating experimental data relating to the influence of 
various amino acids by mouth upon hemoglobin production and hope 
to publish a report in the near future. 

Many of the dogs used had been under observation for more than 
6 to 8 years continuously anemic and carefully standardized with 
liver, iron and other food factors. In these dogs upon the experi- 
mental regimen recently described’ fluctuation of 10 gm. hemoglobin 
production per 2-week period may come within physiological limits 
but fluctuations of 20 gm. hemoglobin or over have significance. It 
will be noted in Tables I and II that an increase in hemoglobin output 
above the basal control levels associated with amino acid feeding 
may amount to 25-50 gm. hemoglobin per 2-week period. The 
standard salmon bread* was fed during all these diet periods and the 
amino acid added to the first portion of this diet to insure its prompt 
total consumption. Pure crystalline amino acids were used in these 
experiments. 


TABLE I. 
Histidine Dihydrochloride and Hemoglobin Production in Anemia. 
Control 
Net Hemoglobin Output 
per 2 wks. 
(wi hn teen 
Hemoglobin Iron Liver 
Dog Amino Acid Daily dose Net Output 40 mg. 300 gm. Basal bread 
No. by mouth fed per 2 wks. daily-oral daily-oral ration alone 
m. gm. gm. gm. gm. 
27-236 l-natural 1 29 57 86 10 
23-1 Vee 1 34 46 107 14 
27-238 ee al 44 59 — 20 
30-121 lies 2 0 46 87 30 
29-326 I, 3d 2 28 46 65 12 
27-238 d-optical isomer 1 33 59 — 20 


It has been believed by chemists and physiologists that the natural 
forms of the amino acids are much more active in protein metabolism 
than the optical isomers or the synthetic dl forms. The evidence 
relating to hemoglobin production (internal protein synthesis) indi- 
cates that in an emergency (anemia) the dog can use all forms of 
certain amino acids to increase the hemoglobin production. 

FAiistidine (the natural or 1 form) obviously has an effect when 
given in one gm. doses per day for a 2-week period. The increase in 
Hovnembiiin production due to this amino acid (Table I) approxi- 
mates 73 the increase due to liver feeding in control periods. A 
single experiment with histidine (the poreal isomer or d form) 


1 Whipple, G. H., and Robscheit-Robbins, F. 8., Am. J. Physiol., 1936, 115, 651. 
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shows a similar effect upon hemoglobin production and other experi- 
ments are in progress. The presence of this amino acid in these 
amounts added to the standard ration enables these standardized 
dogs to produce much more hemoglobin per week. The mechanism 
of this reaction is obscure but it may well be argued that this amino 
acid is of importance in the fabrication of the large globin mole- 
cule which makes up the bulk of the hemoglobin molecule. From 
other experiments with bile fistula dogs it appears that the anemic 
bile fistula dog can produce readily large amounts of the pyrrol 
nucleus.” 


TABLE I. 
Phenylalanine and Hemoglobin Production in Anemia. 
Control 
Net Hemoglobin Output 
per 2 wks. 
(.. nes aa aa 
Hemoglobin Iron Liver 
Dog Amino Acid Daily dose Net Output 40 mg. 300 gm. Basal bread 
No. by mouth fed per 2 wks. daily-oral daily-oral ration alone 
gm. gm. gm. gm. gm. 
29-326 1-natural if 18 46 82 12 
29-326 d-optical isomer 1 27 46 82 12 
26-102 dl-synthetic 0.5 12 39 84 14 
26-102 ” dg al 25 39 84 10 
30-116 ”’ ee 1 51 42 91 14 
29-326 7? gd 1 36 46 82 12 
23-1 a2 ad 1 8 46 81 16 
23-1 Gis Ze 2 11 46 81 16 
27-238 7 a 3 29 38 _— 24 


Table II shows that phenylalanine may give a response when fed 
as the dor 1 or dl form. Of the 7 experiments with the dl form we 
accept 3 as negative (below 20 gm.) and the other 4 as positive 
(25-51 gm. hemoglobin). It is at least possible that the amino 
acid may be more or less potent in any given period depending upon 
the store of amino acids or aggregates at hand in the liver or other 
body tissues. More experiments with the natural form of phenyl- 
alanine are in progress. 

Dogs under these conditions show individual variations in their 
response to food factors or iron. For this reason we give for each 
dog its individual response to the 40 mg. daily dose of iron and a 
300 gm. feeding of liver. On the average the response to this dose 
of iron is about 50 gm. hemoglobin and for liver about 95 gm. 
hemoglobin per 2 weeks. A dog which gives a high output of 


2 Hawkins, W. B., Sribhishaj, K., Robscheit-Robbins, F. 8., and Whipple, G. H., 
Am. J. Physiol., 1931, 96, 463. 
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hemoglobin following a standard dose of liver or iron is apt to 
react above the average to other food factors. We speak of dogs 
as overactive or subnormal in their response with hemoglobin pro- 
duction. hs 
It may be objected that amino acids added to a diet containing 
proteins of unknown amino acid make-up give a contused picture of 
no value. No such objections are made to experiments where iron 
or copper are added to various diets in anemia due to blood loss or 
deficient diets. Moreover the internal metabolism of proteins is 
almost limitless in its complexity and we are merely adding one 
factor to a host of others in even the simplest type of experiment. 
To illustrate, an anemic dog during a complete fast with no intake 
of food factors whatever will produce a considerable amount of new 
hemoglobin and if given some iron during a fast of 2 weeks will 
often produce more than 100 gm. of new hemoglobin. This must 
come from body protein and it has been shown that this new hemo- 
globin is in part related to the materials which otherwise would ap- 
pear in the urine as waste products (urea and ammonia fraction ).° 
This remarkable conservation of end products and exchange of 
materials within the body during a fast is an index of what the 
body can do and indicates the complexity of the internal protein 
metabolism related to hemoglobin production. The addition of an 
amino acid to this complex reaction may give a significant response 


which must be accepted as a fact even if the explanation is un- 
palatable. 
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Transplantation of Gonads from Lethal to Normal Larvae in 
Drosophila melanogaster. 


Ernst Haporn.* (Introduced by B. H. Willier.) 


From the Department of Zoology, University of Rochester. 


Those lethal genes which allow the individual to develop up to a 
certain stage before death occurs are of particular interest in an- 
alyzing experimentally the problem of gene action during ontogeny. 
es 

3 Daft, F. 8., Robscheit-Robbins, F. S., and Whipple, G. H., J. Biol. Chem., 
1933, 1038, 495. 


* Fellow of the Rockefeller Foundation. For various kinds of assistance I am 
deeply indebted to Dr. G. W. Beadle (Harvard), Dr. C. B. Bridges (Pasadena), 
and Dr. B. H. Willier and Dr. Curt Stern (Rochester). 
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In such a study we have to deal with the question whether the lethal 
genes affect unfavorably the development of all organs or whether 
the cessation of development is the result of their deleterious action 
on certain organs only, which then would inhibit also the further 
development oi those organs in which the genetic constitution has no 
primary lethal effect. 

In investigating this problem the recessive mutation “Jethal-giant”’ 
(—lgl—discovered and located by C. B. Bridges, 1933, Chromo- 
some 2, locus 8.2—unpublished) was found to be suitable. The 
homozygotes show externally a normal development during larval 
life up to the time of pupation. Unable to pupate normally, they 
survive as full grown larvae for several days. Usually they are very 
transparent and bloated. This appearance is the result of an abnor- 
mally small fat body and of an accumulation of body fluid. From 
4 to 6 days after the time when normal pupation takes place, a few 
of the lethals die as larvae, but most of them iorm “pseudopupe”’. 
These have a hardened and darkened cuticle within which no fur- 
ther development occurs. 

In the lethal larvae the imaginal discs degenerate completely, while 
the larval organs show a normal histological structure. From these 
facts it may be inferred that the lethal gene produces a fatal effect 
only on the anlagen of the imago, which differentiate later than the 
larval organs. Of special interest are the gonads which form early 
in development like the larval organs, but continue their development 
into the imago in genetically normal individuals. Whether the 
gonads which are parts of the lethal larva can develop normally 
may be ascertained only by experimental means. At the third larval 
instar of such lethals the ovaries are normal in structure and size 
while the testes show considerable inhibition of growth. The de- 
velopmental potencies of both ovaries and testes were tested by 
transplanting them into genetically normal larvae of the same age. 
The method of Ephrussi and Beadle* which was used, allows full 
development of both ovaries and testes in case they are of normal 
constitution. The host flies were dissected and the graft examined 
several days after hatching. 

Transplantation of ovaries: From a total of 41 transplants made, 
36 ovaries were found. In every case the ovary has developed to a 
considerable degree beyond the stage to which it can go in a lethal 
larva. The transplants grow and elongate; the egg strings differen- 
tiate and their apical ends exhibit contractive movement as in the 
normal. However the development attained is not complete. The 


“1 Ephrussi, B., and Beadle, G. W., “Am. Nat., 1936, 79. 
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transplants never reach the size of a full grown normal ovary and, 
although eggs are formed, they degenerate before reaching their full 
size. It makes no difference whether the ovaries are attached to the 
host oviducts or are free. 

Transplantation of testes: Out of a total of 32 testes transplanted 
not one developed. In most cases the transplant was not found at 
all. Ina few cases only a small vestigial part of it could be dissected 
out from the host. These failed to differentiate further. 

Conclusions. The distinct but limited development of the trans- 
planted ovaries shows that this organ still has developmental poten- 
cies at a time when other organs, such as the imaginal discs, degen- 
erate. This means that the lethal genetic constitution prevents fur- 
ther development in different organs at different periods of time. 
Whether the further development of the ovaries is based on autono- 
mous potencies or whether it is a result of a favorable influence com- 
ing from the genetically normal host cannot be determined from 
these experiments. 

The striking difference found between the developmental potencies 
of transplanted ovaries and testes seems to be correlated with the 
fact that prior to transplantation, the testes during the third larval 
instar already show such deleterious changes brought about by the 
lethal conditions as to prevent their increase in size, whereas the 
ovaries seem not yet affected. 
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Resuscitation of the Heart from Ventricular Fibrillation with 
Drugs Combined with Electric Shock.* 


FREDERICK R. Mautz. (Introduced by C. S. Beck.) 


From the Laboratory of Surgical Research, Western Reserve University School of 
Medicine, Cleveland, Ohio. 


Hoffa and Ludwig* demonstrated that electrical stimulation of the 
mammalian heart led to ventricular fibrillation and death. Prevost 
and Battelli? studied the effect of electric currents on the heart and 
reported that a brief countershock of sufficient strength applied 
directly to the heart through an electrode placed on the ventricles 

* Aided by a grant from the Josiah Macy, Jr. Foundation. 


1 Hoffa, M., and Ludwig, C., Z. f. rat. Med., 1850, 9, 107. 


2 Prevost, J.-L., and Battelli, F., Comptes Rendus des Séances de L’ Académie 
des Sciences, 1899, 129, 1267. 
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would produce a brief period of complete cardiac standstill from 
which coordinated ventricular beats might be resumed. Cardiac 
massage was found necessary preceding the countershock when the 
ventricular fibrillation had existed longer than 15 seconds. Hooker, 
Kouwenhoven and Langworthy* found that currents of 0.4 amperes 
and less applied directly through the heart cause ventricular fibrilla- 
tion, while currents of 0.8 amperes and over will stop the fibrillation. 
They advised the central carotid injection of calcium chloride and 
adrenaline after countershock as an aid in restoring a vigorous beat. 
Wiggers* emphasized the importance of cardiac massage preceding 
the electric shock to improve the nutrition of the myocardium and he 
reported success in reviving 85% of fibrillating dog hearts. 

The method of cardiac massage and electric shock with a current 
of approximately 1.5 amperes applied through the heart, with elec- 
trodes 3.5 by 9 cm. placed on each side of the heart, was used in 
the surgical laboratory in cases of ventricular fibrillation developing 
in the dog’s heart during experimental cardiac surgery. Bare metal 
electrodes were used on the heart; they do not cause local burning if 
there is a large area of contact with the heart. It is preferable to 
make the electrodes of a metal that will not corrode. Success was 
obtained in about half the cases, but there were many failures, 
the cause of which was not apparent. After it was determined that 
procaine hydrochloride is a myocardial depressant’ and readily 
absorbed from the epicardium, this drug was applied over the sur- 
face of the heart in doses up to 20 mg. per kilo of body weight in 
the hearts difficult to revive, and it was found that a higher per- 
centage could be revived. It was later found that by giving doses 
up to 10 mg. per kilo intravenously practically every case of ven- 
tricular fibrillation could be restored to a codrdinated beat with the 
electric shock. No central nervous toxic effects were observed. 

In the heart difficult to revive from ventricular fibrillation the 
following considerations are important: (1) Artificial pulmonary 
ventilation must be adequate to saturate the blood with oxygen. 
(2) Cardiac massage must be effective in producing sufficient cir- 
culation to nourish the brain, prevent intravascular clotting, main- 
tain vigorous fibrillations in the myocardium, and prevent or over- 
come extreme cardiac dilatation. (3) If countershock is now un- 
successful, intravenous procaine will produce a coarser type of fibril- 


3 Hooker, D. R., Kouwenhoven, W. B., and Langworthy, O. R., 4m. J. Physiol., 
1933, 103, 444. 

4 Wiggers, C. J., Proc. Am. Physiol. Soc., 1936, p. 161. 

5 Mautz, F. R., J. Thoracic Surg., 1936, 5, 612. 
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lation which can more readily be restored to a coérdinated beat with 
an electric shock. (4) In extreme dilatation which may follow a 
toxic dose of procaine, dilute solutions of calcium chloride and 
adrenaline in small doses are antagonistic and aid in producing the 
necessary condition for restoration of a coordinated beat. (5) When 
a feeble beat has been restored, gentle massage and, if this is inet- 
fective, cautious administration of calcium chloride and adrenaline® 
aid in restoring a vigorous heart beat. When procaine has been given 
previous to electric shock, there is little tendency to return to fibril- 
lation unless excess calcium chloride is introduced. The heart must 
be carefully observed, for a period of about 20 minutes before the 
chest is closed, for acute dilatation during the recovery phase. 

In summary, a proper state in the fibrillating ventricular myocar- 
dium can be obtained by the careful use of myocardial depressant 
drugs and their antagonists, which makes it possible almost routinely 
to revive the heart from ventricular fibrillation. The chances of 
permanent recovery depend upon the magnitude of the operative pro- 
cedure. In 25 consecutive cases of ventricular fibrillation in dogs the 
author has been able to restore a normal heart beat by using the 
foregoing technique. Many of the hearts were severely damaged by 
contusions, stab-wounds, etc. As long as 30 minutes have elapsed 
before revival with complete postoperative recovery, and no signs 
of cerebral injury. Even though difficult to develop, this technique 
is feasible and should be available for use in the operating room in 
cases of ventricular fibrillation. 
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Quantitative Studies on Nerve Regeneration in Amphibia. I. Fac- 
tors Controlling Nerve Regeneration in Adult Limbs. 


PauL WEISS AND RAYMOND LITWILLER. 


From the Department of Zoology, The University of Chicago. 


Nerve regeneration is the result of a growth process starting 
from the cut ends of those parts of the severed neurones left in con- 
nection with their cell bodies. Extensive bifurcation of the out- 
growing sprouts is supposed to provide for overabundance of per- 
ipheral terminations. To what extent the excess of innervation is 
kept within bounds, and by what factors, has not yet been deter- 


6 Hooker, D. R., Am. J. Physiol., 1930, 92, 639. 
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mined. Observations showing that the number of regenerated 
nerve fibers in supernumerary transplanted limbs is of the order of 
that of a normal limb, irrespective of the size of the nerve source, 
( Weiss’) suggested the existence of peripheral influences controlling 
the amount of fiber regeneration. 

Following this lead, a series of experiments was undertaken on 
adult specimens of the Japanese newt, Triturus pyrrhogaster (Boie). 
Operations were performed on the brachial plexus (spinal nerves 
3,4 and 5) of one side, the opposite side serving as control. After 
the operation, 120 days were allowed for nerve regeneration, where- 
upon experimental and control limbs were fixed and treated by 
Bielschowsky’s silver method. Nerve counts were made in cross 
sections at 3 representative levels (H, proximal humerus; E, elbow; 
W, proximal wrist), and the percentage difference between the 
number of regenerated fibers in the operated limb and the number of 
original fibers in the control limb was calculated. 

Experiment I. (7 cases.) Transection of all brachial nerves at 
the shoulder level. A fiber deficit was found in the regenerated 
nerves, the average percentage difference amounting to, at 
Pe io 4 at 272% at W: 4510%, This deficit seems to 
parallel a certain atrophy of the denervated and re-innervated limbs, 
the average reduction of their cross-sectional area being 21.5%. The 
number of nerve fibers entering the limbs (at level H) is, therefore, 
grossly speaking, of the same order before and after nerve regenera- 
tion. 

Experiment II. (5 cases.) After transection of the brachial 
nerve plexus, the proximal stump of the fourth spinal nerve which 
is the strongest of the plexus, was inserted into shoulder muscles so 
as to prevent it from contributing fibers to the free limb. By this 
means the source of fibers available for the latter was restricted to 
the third and fifth nerves, which meant a reduction to about one-half 
of the source available in experiment I. After 120 days, the aver- 
age percentage differences were found to be, at H: 20.2%; at E: 
50.8% ; at W: 52.2%. These figures show that the conspicuous 
reduction of the amount of fiber stumps available for regeneration 
has failed to cause a corresponding, or even an appreciable, decrease 
in the number of fiber branches entering the limb (at level H; com- 
pare with Exp. I). 

Experiment III. (5 cases.) After transection of the brachial 
nerve plexus the distal fragments of the severed nerves were ex- 
tirpated as far distally as possible, eliminating thus a great deal of 


1 Weiss, Paul, J. Comp. Neurol., 1937, 66, 481. 
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the pathways (Bungner’s cords) preierentially followed by regen- 
erating fibers. Here, the deficit was considerably greater than in 
experiment I, namely, at H: 42.2%; at E: 67.2%; at W: 67.5%. 

Experiment IV. (6 cases.) Combining the operations of Exp. II 
and Exp. III. The differences were, at H: 39.4%; at E: 64.7%; at 
W : 68.8%. Comparing these figures with those of Exp. III, one 
notices again that the reduction of the proximal nerve source has 
failed to entail a corresponding reduction in the amount of fibers 
found within the limb. The absence of the peripheral sheaths, on the 
other hand, has caused in every case a material reduction in the 
peripheral supply (compare Exps. II and IV with I and III). 

The data obtained seem to indicate that, (1) the branching of 
regenerating fibers is extensive enough to permit practically full re- 
innervation of a limb even from an undersized nerve source; (2) the 
degree to which a limb is repleted with regenerated fiber branches is 
controlled by factors residing within the limb and tending to limit 
the actual supply to approximately the normal amount; (3) the de- 
generating peripheral nerves may represent one major factor exert- 
ing numerical control over the admission of new fiber branches; 
but even in their absence the limb tissues seem to continue to ex- 
hibit a certain degree of control. 
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Quantitative Studies on Nerve Regeneration in Amphibia. 
II. Innervation of Regenerated Limbs. 


PAUL WEISS AND RAYMOND LITWILLER. 


From the Department of Zoology, The University of Chicago. 


When the developed limb of a urodele amphibian is amputated, 
masses of mesenchym accumulate at the wound and by subsequent 
growth and differentiation produce a new limb. Concomitantly, 
nerve fibers sprouting from the severed old nerve trunks invade 
the regenerating limb and provide its nerve supply. This process, 
studied in a preliminary manner by Weiss and Walker,’ was given 
a more thorough examination in the present study. 

Adult specimens of the Japanese newt, Triturus pyrrhogaster 
(Boie) and Mexican Axolotls were used, the latter in 2 different 
size (age) groups (75-85 mm. and 120-150 mm. in length). Fore 


1 Weiss, P., and Walker, R., Proc. Soc. Exp. Bron. AND Memp., 1934, 31, 810. 
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limbs were amputated at the body wall and allowed to regenerate. 
After varying periods of time, the regenerated limbs were preserved 
and sectioned. In the newt, Bielschowsky’s silver stain for axons 
proved successful, while the data concerning the Axolotl are based 
mainly on myelin stains (Weigert-Pal). Tests in which 2 opposite 
limbs of the same animals were treated by the 2 different methods, 
staining on one side all fibers, on the other side the medullated fibers 
only, revealed that in regenerated fore limbs, 75-80% of the fibers 
are medullated. Every 20th cross section (cut at 10 micra) was 
measured, and the amount of nerve fibers contained therein was 
counted. 

The number of nerve fibers present in the old limb base proximal 
to the level of amputation was rather constant: cca. 900 and 1200 
fibers in the smaller and larger Axolotls, respectively. Distally to 
this level, in the regenerate, the number declines gradually in such 
regular manner that a definite relation between nerve supply and 
mass of innervated tissue suggested itself. The relation was revealed 
by the graphs in which the data were plotted, to be a remarkably 
simple one: If a regenerate is divided up into a series of slices of 
200 micra each; if vs is the mass of one of these slices; and if the 
number of nerve fibers terminating in this slice (determined as the 
difference between the nerve numbers counted in the 2 levels bound- 
ing the slice) is ns; the ratio 


n. 


————— 


Vs 


was found to be nearly constant for all slices of a regenerate of a 
given age. In other words, the density (k) of nerve endings as 
well as, reciprocally, the mass of tissue innervated by a single fiber 
(1/k) are constants for a given limb. In a specific example, every 
slice of a regenerate of 50 days (Axolotl, 130 mm.) was calculated 
to contain 47 nerve terminations per one cmm. of volume. The 
factor k was found to decrease consistently with increasing length 
of regeneration, Furthermore, it is smaller in older than in younger 
animals. 

The reported facts indicate that the tissues of a regenerating limb 
exert a definite control over the admission of new nerve fibers, estab- 
lishing a “saturation” point for the number of possible terminations 
in a given peripheral volume. The fact that the saturation coefh- 
cient (k) decreases as regeneration proceeds, indicates that nerve 
fibers effect connections with the peripheral tissues at a very early 
stage of regeneration, and that the relations thus established are not 
essentially disturbed by the continued growth of the innervated 
tissue, largely muscle. 
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Cn the Nature of the First Forelimb Movements of Mammiatlian 
Embryos. 


Witiiam F, Winpie.* (Introduced by H. A. Davenport. ) 


From the Anatomical Laboratory, Northwestern University Medical School. 


Somatic movements occurring in response to faradic stimulation 
were studied in cat embryos delivered by experimental Caesarian 
section. The cats were decerebrated by ligating carotid and basilar 
arteries, after which one to 3 hours were allowed for recovery from 
ether anesthesia. Embryos were delivered as promptly as possible 
and examined while their placental circulation was intact and before 
uterine contractions had caused placental separation. All experi- 
mentation was carried out in a bath of physiologic saline solution 
maintained at the temperature of the cat’s body. The combined 
diameter of the nichrome-wire stimulating electrodes was less than 
one millimeter and they were insulated except at their tips. Strength 
of current was not measured but could be borne upon the tongue. At 
the conclusion of physiologic studies, the embryos were prepared 
for histologic examination by the pyridine-silver technique. 

It was seldom possible to obtain reflex movements in embryos 
less than 14 mm. long. But when the electrodes were placed directly 
over developing muscle masses of the shoulder region contractions 
were elicited with perfect regularity. Motor and sensory spinal 
nerves are well formed at this stage; free nerve endings appear 
beneath the epithelium of the forelimb and a few primitive endings 
are present upon the myoblasts of the shoulder muscles. Within the 
spinal cord, motor and associational mechanisms are well represented 
but morphologic reflex arcs are incomplete because the sensory 
dorsal funiculus collaterals are just forming and have made no con- 
nections with other neurons. 

In embryos of about 23 days’ insemination age (14 mm.), the 
sensory nerves have grown down the dorsal and volar aspects of the 
forelimb to within half a millimeter of its most distal point. There 
they end in free nerve endings immediately beneath the epithelium. 
There is little muscle formation distal to the shoulder but in the 
shoulder muscles many free and grapelike endings were observed 
upon the myoblasts. In the spinal cord, unisegmental structural 
reflex arcs have been completed by the growth of sensory collaterals 
into the groups of associational neurons of the dorsal gray matter and 


* Aided by a grant from the American Academy of Arts and Sciences. 
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even to the motor neurons which supply the forelimbs. When, in 
these embryos, the points upon the hand reached by the new sensory 
nerve fibers were stimulated with the wire-electrodes a quick outward 
movement at the shoulder sometimes followed. This movement was 
not accompanied by any others, although a local extension of the 
head separately could sometimes be obtained by stimulating the 
nose region in a similar manner. Stimulation of points upon the 
body not yet reached by sensory nerves or at levels whose spinal 
cord segments contained less mature structural reflex arcs never 
resulted in movements of this type. 

The responses in question were distinctly different from those 
obtained by direct stimulation of muscle masses. They exhibited 
fatigue to a degree not seen with direct stimulation, a just per- 
ceptible latent period following the stimulus was often seen, and they 
were definitely stereotyped and invariable reactions. Furthermore 
and of primary importance, they could be obtained only in the first 
few minutes of the experiment before the uterus had contracted 
upon the placenta. Contractions due to direct muscle stimulation 
occurred in dead embryos; but even in mildly depressed living spec- 
imens or in those injured slightly during delivery no movements 
occurred in response to localized stimulation of receptor endings. 
If spread of current were the cause, all should have shown the phe- 
nomenon. There can be no doubt that the movement in question is a 
true reflex of the simplest type involving afferent conductor, center, 
efferent conductor and effector. 

By 26 days (18-20 mm.), a variety of reflex responses to faradic 
stimulation could be obtained. Stimulation of the tip of one paw 
often produced local abduction of the ipsilateral forelimb at the 
shoulder with or without flexion at the elbow, it sometimes produced 
contralateral forelimb reflexes, and frequently movements of the 
head. Stimulation of the dorsal aspect of one hand was followed by 
an ipsilateral forelimb reflex and ipsilateral head flexion; stimulation 
of the volar aspect caused contralateral head flexion. Reflexes al- 
ways involved muscles at the same level or at levels rostral to that 
stimulated, but not caudally. These physiologic observations are in 
harmony with what is known concerning the histologic structure of 
embryos at this time. It has been shown’ that the early fiber tracts 
of the embryonic spinal cord pass rostrad, and only later is there a 
rostral to caudal integration of structural reflex patterns. It has 
further been shown that the first structural reflex arcs are uniseg- 
mental, involving sensory collaterals from the lateral part of the 
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dorsal funiculus which terminate at approximately the level at which 
their dorsal roots enter the cord. In the 18 mm. embryos, the as- 
cending branches of the dorsal root fibers give off collaterals farther 
rostrad which make contact with commissural neurons whose dis- 
charge would excite motor cells supplying the neck muscles. 

Barcroft and Barron? have reported some experiments in sheep 
fetuses in which they dissected the median nerve and the lateral 
popliteal nerve, severed them, and stimulated central and peripheral 
ends. They found that no movements followed stimulation of the 
central end of the median nerve in sheep younger than 44 days old 
and none followed similar stimulation of the lateral popliteal before 
47 days. They concluded, therefore, that the primary afferent 
neurons distributed to the limbs have not made functional connec- 
tions with the anterior horn cells prior to these times and that any 
movements seen earlier are not true reflexes. It would seem that 
negative evidence obtained after mutilating operations upon such 
delicate forms as sheep embryos younger than 44 days old cannot 
serve as sound basis for the conclusions they have drawn. The 
tissues of sheep embryos 38 days (31-32 mm.) to 45 days old (57 
mm.) are very susceptible to injury. Even if it were possible to 
keep the uterus from contracting upon the placental cotyledons (and 
setting up a state of partial anoxemia) for the time necessary to 
complete a dissection of the nerves in question, and even if such dis- 
sections could be made without loss of a significant percentage of the 
small total blood volume of the fetuses, the trauma involved in the 
procedures would certainly be such as to render the nervous system 
of the specimens no longer irritable to faradic stimulation. 

It may be concluded from the experiments in cat embryos that 
early forelimb movements in response to faradic stimulation of the 
epithelium over newly formed sensory nerve endings of the hand 
are true spinal type reflexes. These reflexes are not part of a total 
mass reaction pattern when they first appear. But with progressive 
development of central reflex mechanisms more complex and inte- 
grated reflexes become elicitable. 


2 Bareroft, J., and Barron, D. H., Proc. Sec. Exp. Bion. AND MeEp., 1937 
; 5 * y) 
36, 86. 
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Significance of Peripheral Receptors for Excitability of the 
Central Nervous System. 


E. GELLHORN, I. G. SPIESMAN AND A. WEIL. 


From the Department of Physiology, University of Illinois, and the Institute of 
Neurology, Northwestern University Medical School, Chicago. 


Galkin* published extensive investigations in which he tried to 
show that the elimination of the olfactory receptors in dogs pro- 
duced a permanent state of somnolence and, finally, death in the 
animal. The removal of the eyes and the destruction of both cochlez 
did not have any such effects. He assumed that the elimination of 
those sense organs which are most important for the normal be- 
havior of the animal are responsible for the lethargic state observed 
in his experiments. These observations seem to be in contrast with 
experiences of Goltz,” Rothmann,* Dusser de Barenne,* and others, 
who did not observe such a state in dogs and cats whose hemispheres 
had been removed and in which the olfactory nerves had also been 
severed. Pavlov® stated that a dog deprived of the anterior half of 
its hemispheres showed, at least after some months, a nearly normal 
locomotion, and even states of excitement during periods of hunger. 
He did not mention any lethargic conditions in spite of the severance 
of the olfactory nerves. In view of the principal importance of the 
question as to the significance of the biologically most important 
sensory nerves for the general excitability of the central nervous 
system and the behavior of the animal it seemed advisable to repeat 
Galkin’s experiments. 

We have operated 4 dogs in which the olfactory nerves were 
severed and we employed the same method which Galkin described. 
Careful histological investigations were carried out which were 
omitted by Galkin. The result of these histological studies is that in 2 
of our dogs the olfactory nerves were completely severed, whereas 
in 2 others some fibers were still intact. The dogs were observed 
over a period of 1-4 months. Except for one case in which a 
somewhat somnolent state of the dog was observed for several days, 
a state which was accompanied by a nasal discharge but with no 
fever, the dogs appeared to be completely normal in their behavior 


1 Galkin, W. S., Z. f. exp. Med., 1933, 88, 316. 

2 Goltz, F., Pfliiger’s Arch., 1892, 51, 570. 

3 Rothmann, M., Neurolog. Zentralblatt, 1912, 31, 867. 

4 Dusser de Barenne, J. G., Arch. Neerland., 1919, 4, 31. 

5 Pavlov, I. P., Conditioned Reflexes, Oxford Univ. Press, 1927, p. 365. 
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and excitability for several weeks or months before they were sac- 
rificed. These observations do not lend any support whatever to 
the statement of Galkin, and make it not improbable that his results 
are due to some chronic infections which may have been overlooked, 
since a histological study of the brain was omitted. We add here 
the microscopic findings of the 2 dogs which showed complete sev- 
erance of the olfactory nerves. 

Dog A. Both frontal lobes and olfactory bulbs show areas of 
organized anemic softening, which had produced a severe destruction 
of the olfactory bulbs. In the latter the characteristic histologic 
pattern has been replaced by a diffuse infiltration with glia nuclei and 
overgrowth of collagenous connective tissue fibers. The pia-arach- 
noid covering of the frontal lobes is thickened, but no inflammatory 
reaction is present. 

Dog D. There is a severe destruction of both olfactory bulbs. 
The inner cavities are markedly enlarged and only a thin wall of 
tissue remains. The main part of the bulbs is destroyed by anemic 
softening and large amounts of compound granular corpuscles are 
seen. The olfactory nerves as they pass through the lamina scrib- 
rosa are degenerated. They show a considerable increase in elon- 
gated nuclei and a mild proliferation of endoneurial connective tis- 
sue. No inflammatory reactions are seen. 

The experiments were extended to rabbits and were carried out 
on 6 animals, 2 adult and 4 about one-month-old rabbits of the same 
litter. In these animals the olfactory bulbs were completely removed. 
The animals were observed in the laboratory for about one year 
and did not show any abnormal behavior. The growth curves of 
the young rabbits were very similar to that of other rabbits of ap- 
proximately the same age. These observations seem to agree with 
the work of Swann,° who studied effects of the destruction of the 
olfactory tracts and various parts of the archipallium on the reten- 
tion of olfactory habits in rats. He finds that the destruction of the 
primary olfactory tracts abolished olfactory habits but failed to 
observe any other general disturbances. 

Conclusion and Summary. The sectioning of the olfactory nerves 
in dogs and the removal of the olfactory bulbs in rabbits do not 
cause any general symptoms such as lethargy, as has been claimed 
by Galkin. The general excitability of the central nervous system 
remains unaltered after the elimination of olfactory perception in 
odoriferous animals just as well as the removal of sight and audition 
does not influence the central nervous system as a whole in the 


6 Swann, H. G., J. Comp. Neurol., 1934, 59, 175. ¥ 
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human. The removal of the olfactory bulbs in young rabbits does 
not interfere with normal growth. 


9344 P 
Nature of Diet in Its Relationship to Control of Dental Caries. 


Juttan D. Boyp, CHARLEs L. DRAIN AND GENEVIEVE STEARNS. 
(Introduced by P. C. Jeans.) 


From the Department of Pediatrics, State University of Iowa, Iowa City, Iowa. 


Previously it has been reported that dental caries may be arrested 
within 8 to 10 weeks through the regular ingestion of a diet high 
in protective foods, including a teaspoonful of cod liver oil daily.’ 
This report correlates the response of the teeth with the level of in- 
take of certain dietary constituents. 

Five orphanage children between the ages of 3 and 6 years were 
observed in the metabolism ward for 7 months under varied intakes 
of vitamin D; concomitant dental examinations and balance studies 
were made at frequent intervals. Two had active caries of note- 
worthy extent and activity ; one had 20, the other 6 cavities. A third 
child had one small proximal cavity. The remaining 2 children 
were. free from demonstrable tooth decay. Activity of caries was 
determined on the basis of the permeability of the exposed dentin 
to the exploring tine; if at all permeable, the decay was considered 
active. 

Throughout the studies the food intake was quantitatively con- 
trolled. During the fall months especially the children received 
considerable sunshine out of doors. Several dietary regimens were 
used progressively, each for a period of from 5 to 8 weeks. 

Diet No. 1 was an approximation of that employed at the orphan- 
age. It provided 800 gm. whole milk daily, with fair amounts of 
vegetables, fruits, meat and butter. The second diet was that em- 
ployed in the Children’s Hospital; it provided 1000 gm. of milk, 
and was higher in vegetables and fruits than the orphanage allow- 
ance. The third diet was similar to the second, except that 450 cc. 
of irradiated evaporated milk, suitably diluted (155 units of vita- 
min D), was substituted for the fresh whole milk. In the fourth 
period the second diet was supplemented with a teaspoonful of cod 
liver oil daily. The latter had an assayed content of 175 units of 


1 Boyd, J. D., Drain, C. L., and Nelson, M. V., Am. J. Dis. Child., 1929, 38, 721. 
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vitamin D per gram, which provided a daily intake of approximately 
600 units. ; 

Appreciable lessening of activity of caries was noted during the 
first few weeks of study, during the fall months. Subsequently for 
many weeks the status was virtually stationary, with minimal but 
definite activity, even after the children had received a diet of high 
protective value aside from its vitamin D content for 5 months. 
When this diet had been supplemented by cod liver oil for 9 weeks, 
the caries was finally adjudged arrested, and this was confirmed by 
subsequent examination. The 2 control subjects remained free 
from caries. 

Another boy of 11 years was being observed simultaneously 
regarding the effects of vitamin A intake on dark adaptation. He 
had 3 cavities of moderate extent and of mild activity when first 
seen in mid-September. From that time until January he received 
a diet with a reduced content of vitamin A, with elimination of ail 
cream, eggs, organ meats and carotene-containing fruits and vege- 
tables. It supplied 1100 gm. skimmed milk daily, and designedly 
met basic requirements of all nutritional factors other than vita- 
mins A and D, yet it was definitely poorer in protective foods than 
the routine hospital diet. The boy played out of doors in modera- 
tion. In order to reduce still further the intake of vitamin A, in 
January the skimmed milk allowance was reduced to 750 gm. and 
other minor alterations were made. On February 3rd was insti- 
tuted the daily administration of 10 drops of viosterol (2400 units), 
4 teaspoonfuls of 1% iron ammonium citrate, 250 units of vitamin 
B and 50 units of vitamin G. This final regimen was continued 
throughout the remainder of the period of observation. A new 
dental cavity was noted on an occlusal surface a month after the 
study was initiated. Possibly slight improvement occurred during 
the first 9 weeks, hut 19 weeks after the first observation there had 
been slight increase in extent of caries, with minimal activity. Com- 
plete arrest did not obtain until early April, after 9 weeks of viosterol 
administration. A control subject of the same age but with no 
caries developed no demonstrable caries under the same regimen. 

Significance is attached to the time required to establish arrest of 
caries in these subjects. The hospital diet seems adequate aside 
from its content of vitamin D; yet since caries was not arrested until 
the diet had been supplemented for 9 weeks with considerable 
amounts of that vitamin, one may conclude that the level of vita- 
min D was the determining factor. It also seems significant that a 
stage of near-arrest may be attained with moderate control of the 
diet, whereas more stringent measures are needed to complete and 
maintain the process of arrest. 
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Gonadotropiec Hormones of the Hypophysis of the Turkey.* 


Emit Wirtscui, A. J. STANLEY AND G. M. RILEy. 


From the Zoological Laboratory, State University of Iowa. 


Relatively little work has been done in the past on the hypophysis 
of birds. Benoit obtained evidence for the presence of gonado- 
tropic hormones in hypophyses of sexually active ducks but not in 
those of inactive ones. Similarly Riddle and Schooley’? found no 
effects from implanted hypophyses of pigeons less than 1.8 months 
old, while those of mature pigeons gave definite indication of the 
presence of some gonad stimulating principle. Since birds develop 
no true corpora lutea and differ also otherwise in their physiology 
of reproduction markedly from mammals, it seemed desirable to 
make a more complete, qualitative and quantitative analysis of their 
gonadotropic hormones. 

Through the courtesy of Mr. A. C. Gingerich, we were permitted 
to collect about 6000 hypophyses at the packing plant of the Maple- 
crest Turkey Farms at Wellman, Iowa. The glands were taken 
from birds about 6 months old, the hens weighing around 10 and 
the gobblers around 18 pounds. The fresh glands weigh about 13 
mg. and 25 mg. respectively. However, the male glands lose more 
weight in the process of acetone-drying. One day’s collection 
yielded 6.978 gm. dry powder from 1655 female glands and 9.900 
gm. from 2047 male glands. 

The dry powder taken up in distilled water was assayed in 4 
different tests. Table I gives the results obtained from injections 
into immature 21 day old rats. The largest dose (100 mg.) pro- 
duces large ovaries which usually contain about as many corpora 
lutea as mature follicles. (However, in several cases the corpora 
were more numerous while in one case they were absent.) In the sec- 
ond group (50 mg.) the increase in ovarian weight is almost entirely 
due to the presence of many stimulated and mature follicles. A few 
incomplete corpora lutea are found in 3 cases. The third group 
(25 mg.) has slightly increased ovaries that contain only few mature 
or distinctly enlarged follicles. However, sections through the vagina 
prove that enough estrogenic hormones were released to produce 


* Aided by grants from the National Research Council, Committee for Research 


in Problems of Sex. 
1 Benoit, J., OC. Rend. Soc. Biol. Strasbourg, 1935, 118, 672. 
2 Riddle, O., and Schooley, J. P., Proc. Soc. Exp. Bron. and Mep., 1935, 32, 
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full cornification in the vaginal epithelia. The lowest dose (10 mg.) 
produces no visible morphological change in the ovary though it 
stimulates the endocrine apparatus, as can be seen from the develop- 
ment of the vaginal epithelium. The vaginal stage was in every 


TABLE I. 

Assay of acetone-dried turkey hypophyses on 21-day rats. The total amount 
given in the first column was administered in 6 injections during 3 days. The 
recipients were killed 24 hours after the last injection (except the animals show- 
ing vaginal stage 4, which were killed one day later). F, mature follicles; f, en- 
larged immature follicles; L, corpora lutea; |, luteinizing follicles. 


Hypophysis Wt. of fresh 
injected ovaries, mg. Ovarian Vaginal 
mg. Aver. histology stage 
Male 100 19.3 ) 25.1 FL 3 
a? ee 30.9 { F- 3 
Female et 28.5 | 33.1 | 37.3 FL 3 
1 e Silo \\ FL 3 
Mixed A 37.4 FL 3 
ag 24 36.1 |} 48.2 Fl 3 
a ay 71.2 FL 4 
Male 50 28.8 EF 3 
”? DD 27.6 | 27.7 ) Fl 3 
‘ aa 32.9 [ Fl 3 
ee eae 21.8 EF 3 
Female ae 13.5 23.6 F 3 
a ae 25.0 | 18.1 F 3 
oe og 15.5 F 3 
9?) ”) 18.6 F 3 
Mixed fy 24.6 } 26.3 Fl 4 
iy aM 28.0 4 F 3 
Male 25 14.2 | if 3 
ye, a 14.8 | 14.8 ® 3 
r 2 15.4 | f 3 
Female mY 15.0 | f 3 
ye oy 13.5 + 14.8 + 17.2 fi 3 
ees ak) 6.1 | | f 3 
Mixed ou 20.4 | f 3 
fe ue 31.1 } 21.9 | is 3 
”) ” 14.2 | f 3-4 
Male 10 12.5 ) 11.5 ~ 1-2 
9 8) 10.6 § iw 1-9 
Female a 14.3 ) 12.7 | 12.1 — 1-2 
”) +) 11.2 i i 1-9 
Mixed ee 10.5 ] = 1-2 
we Y 13.0 } 12.2 - 1-2 
te a4 13.0 - 1 
Controls 12.4 - 0 
” 14.9 = 0 
4 12.9 = 0 
be 15.7 13.3 ~ 0 
5a 13.1 - 0 
og 11.8 = 0 
a 1B) || = 0 
Mf 12.2 = 0 
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| 
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case ascertained by cross sections. The vagina remained closed even 
in rats that had received the highest dose. Ovulation was never ob- 
served. All corpora lutea that were investigated contained eggs, 
oiten fragmented in 2 or more pieces. All 4 dosages cause also en- 
largement of the uteri. At the lowest dose it is already quite defi- 
nite; at 25 and 50 mg. the uteri are often widely distended while the 
highest dose produces greatly thickened uterine walls. 
TABLE II. 
Assay of acetone-dried turkey hypophysis on 28-day rats. The total amount 


given in the first column was administered in 6 injections during 2 days. The 
rats were killed 24 hours after the last injection. 


Hypophysis Wt. of fresh 
injected ovaries, mg. Ovarian Vaginal 
mg. Aver. histology stage 
Mixed 50 : 58.0 ] Rs eee tae 
= ay 57.9 60.9 FL 4 
2 fie 66.8 FL 4 
TABLE III. 


Assay of acetone-dried turkey hypophysis on hypophysectomized rats operated 
2 weeks prior to beginning of injections which were given over 5 days in 10 equal 
amounts. 

Hypophysis Wt. of fresh Ovarian Vaginal Wt. in gm. at Wt. in gm. 

injected,mg. ovaries,mg. histology stage hypophysectomy at autopsy 


Male 100 39.8 ] pei 3 101.0 96.3 
1 31.2 
” Y 22.6 | Fl 3 100.5 102.0 


In a second test the same powder was assayed on 28-day-old rats. 
While the ovaries of controls have not enlarged during the fourth 
week, they have become much more responsive; injections of 50 mg. 
give nearly 3 times as heavy ovaries as in the 21-day rat. The 
vaginze open and show stage 4 at the end of the fourth day. Some 
follicles ovulate, though most of them luteinize while they still en- 
close the egg. 

It is obviously not easy to say just what amount of powder should 
be considered as having the potency of one rat unit. Since it is 
customary to use as a test animal the 21-day-old rat in which a dis- 
tinctly recognizable reaction in ovary, uterus and vagina is pro- 
duced by 25 mg. (Table 1), we may say that this dosage contains 
one (total) rat unit. It represents the contents of about 6 turkey 
pituitaries. In view of the work of Benoit and Riddle, one has to 
consider the possibility that the hypophyses of our birds, which 
were killed at the very beginning of their first reproductive season, 
were not yet at the peak of productivity. 
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The third test was added to make sure that the luteinizing princi- 
ple was contained in the hypophyseal powder. Two hypophysecto- 
mized rats were injected with 50 mg. of turkey pituitary powder in 
2 daily injections extending over 5 days. Hypophysectomy had 
preceded the injections by 2 weeks. Throughout this period the 
animals remained in dioestrus. On the fourth day of injections, the 
vaginal smear changed to 3 and remained so until the sixth day, 
when the animals were killed. At this time the ovaries contained 
numerous mature follicles, some of them ovulated, and all showed 
stages of progressive luteinization. The uteri are greatly enlarged. 
This test removes any possible doubt concerning the actual presence 
of both the follicle-stimulating and the luteinizing principle in the 
bird hypophyses. It is of no small interest to note that the gonado- 
tropic hormones are of nearly the same nature in birds and in mam- 
mals though the reactions which they control are quite different in 
the 2 taxonomic classes. 


Fig. 1. 

Camera lucida drawings of testes of 3 sparrows stimulated by injection of 
acetone dried, powdered turkey hypophyses, and (inside outlines) of 3 control 
sparrows which were injected with serum of a pregnant woman, without effect; 
< 2. Total amounts injected: A, 85 mg. turkey hypophysis (15 days), resp. 4 ee. 
serum p. w. (16 days). B, 90 mg. turkey hypophysis (15 days), resp. 4 ec. serum 
p. w. (16 days). OC, 130 mg. turkey hypophysis (12 days), resp. 8 cc. serum p. w. 
(16 days). 

In a fourth test the effect of the turkey hypophyses on adult 
sparrows in the state of sexual quiescence was studied. This con- 
dition is characterized in the male by small and inactive testes, thin 
and only slightly convoluted vasa deferentia and light brown bills, in 
the female by smallness of the ovaries and oviducts.* Six sparrows, 
3 males and 3 females, were injected with various dosages of pow- 
dered hypophyses over periods of 11 to 15 days. The total amounts 
(85 to 130 mg.) are equivalent to 3.5-5 rat units. The extensive 
effects on gonads and secondary sex characters are partly repre- 
sented in Figs. 1 and 2. The left testes of the males are enlarged 
at least 60 to 120 times. Spermatogenesis is in full progress; the 
seminal tubules contain masses of mature spermatozoa. The vasa 
deferentia are slightly convoluted and enlarged. The bills have turned 


8 Witschi, E., Wilson Bull., 1935, 47, 177. 
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Wie. 2. 

Urogenital apparatus of 4 female sparrows, phot. & 1.5. The first one illus- 
trates the quiescent condition, ovary and oviduct covering a minor part of the 
left kidney; it can serve as control, since the injection of 8 ce. serum p. w. (16 
days) has not caused any change. The second and the third received 90 mg. of 
turkey hypophysis (in 15 days); ovaries and oviducts greatly enlarged. The 
fourth one received 110 mg. of turkey hypophysis (in 11 days) ; ovary and oviduct, 
enlarged to full breeding size, cover the kidneys entirely. 


dark blue (stage 2, Witschi and Woods*). The corresponding 
changes in ovaries and oviducts of the females appear clearly in 
Fig. 2. Control animals were injected with 4-8 cc. of serum of a 
pregnant woman. This serum contained about 100 rat units of 
gonadotropic principle per cc. It had no stimulating influence on 
either gonads or secondary sex characters (Figs. 1 and 2). 

From our experiments we can conclude that powdered turkey hy- 
pophysis is in quality very similar to corresponding products from 
cattle, sheep or rats. If equal weights of these powders are com- 
pared, the turkey hypophyses appear more potent than bull but less 
potent than sheep or rat hypophyses. Male and female hypophyses 


of the turkey show no marked sexual differences in our tests. 


4 Witschi, E., and Woods, R. P., J. Hap. Zool., 1936, 73, 445. 
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Effect of Indol on Hematopoiesis in Dogs Fed Deficient Diets. 


C. P. RHOADS. 


From the Hospital of the Rockefeller Institute for Medical Rescarch, New York 
City. 


Previous communications! from this laboratory have presented 
evidence that anemia can be caused in dogs by administering amido- 
pyrine together with a black-tongue-producing diet. Neither amido- 
pyrine alone nor the diet alone caused anemia under the experimen- 
tal conditions observed. The anemia which resulted from the com- 
bination of drug and diet could be cured by administering a yeast 
preparation which is preventive of the symptoms of black tongue. 
The uniform effectiveness of amidopyrine under these circumstances 
suggested that some endogenous aromatic compound might be 
similarly effective. Indol was selected for trial because it was avail- 
able commercially and because certain published experimental evi- 
dence was at hand which bore on its mode of detoxification ( Hous- 
say’). 

Dogs were kept under standard conditions and were fed the 
black-tongue diet which has been described previously.* The diet 
was known to cause symptoms regularly in from 5-12 weeks. Ane- 
mia occasionally occurred due to the diet feeding alone, but was of 
such an incidence and degree that it could be ruled out as a com- 
plicating factor in the experiment. 

Experiment I. (Fig. 1.) The black-tongue diet was fed without 
supplement until the first manifestations of stomatitis appeared. Then 
one gram of crystalline indol was fed daily in a capsule. A very 
severe drop in blood levels resulted with striking suddenness. Ery- 
throcyte levels of one million cells or fewer per mm.* were encoun- 
tered frequently and fatalities from acute anemia were not uncom- 
mon. If the animal survived the immediate drop in blood levels, 
there was a distinct tendency toward recovery, as shown by a rise 
in blood levels in spite of the fact that the indol administration was 
continued, Control studies in which the same amount of indol was 
administered to dogs fed a normal diet resulted in no persistent 
anemia of significant degree. 

Experiment IT, (Fig. 2.) Prolonged experiments were next 
made in order to establish beyond question the effect of diet on 


1 Miller, D. K., and Rhoads, C. P., Proc. Soc. Exp. Brow. anD MED. In press. 
2 Houssay, B. A., Am. J. Med. Sci., 1936, 192, 615. 
8 Miller, D. K., and Rhoads, C. P., J. Exp. Med., 1935, 61, 173. 
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the tolerance of the experimental animal to orally administered indol. 
The drug was fed throughout the study. During a suitable control 
period, the diet was normal. An irregular mild fall in blood levels 
occasionally resulted, but was temporary and was overcome as soon 
as the animal could increase hematopoiesis to compensate for the 
sncreased demand. Rare animals were encountered which showed a 
greater susceptibility to the drug than the average dog. In such 
snstances the dose was adjusted so that essentially normal blood 
levels were maintained during the control periods. When the 
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blood became stabilized, the diet was changed to one which regularly 
caused black tongue. A slow but steady fall in blood levels re- 
sulted, accompanied at first by an increased number of circulating 
reticulocytes, followed by slight increase in the blood levels. As 
the experiment continued, however, anemia became severe and the 
reticulocytes stabilized at low levels. Goldberger* had shown that 
liver extract was capable of preventing and curing the symptoms of 
experimental black tongue. Accordingly the effect of administering 
liver extract to dogs with the indol-and-deficient-diet anemia was 
tested. A sharp rise in reticulocytes and improvement in blood levels 
resulted in every instance in spite of continued indol feeding. 

Although ample control experiments had shown that no such 
anemia ever occurred under the experimental conditions due to the 
diet feeding alone, further experiments were made to control this 
factor. Dogs fed diets of milk exclusively showed a similar sus- 
ceptibility to indol. This was equally true of animals which refused 
food and became voluntarily malnourished. 

Pathological studies showed a very marked extension of active 
marrow during the anemic phase. The marrow throughout was 
solid, deep red, gelatinous tissue which showed on histological ex- 
amination an increased cellularity and a predominance of immature 
forms. : 

Summary and Conclusion. Orally administered indol is causative 
of anemia in dogs fed a diet which is causative of black tongue. The 
same amount of indol does not cause considerable anemia in dogs 
fed a normal diet. Liver extract is preventive and curative of the 
anemia. 
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Effect of Diet on Susceptibility of Canine Hematopoietic System 
to Damage by Amidopyrine. 


C. P. Ruoaps-anp D. K--Mincer. 


From the Hospital of the Rockefeller Institute for Medical Research, ‘New York 
City. 


The association of amidopyrine administration with the occur- 
rence of acute agranulocytosis of human beings has been described 
by Kracke and Parker,* Madison and Squier,? and many others. 


4 Goldberger, J., and Sebrell, W. H., Pub. Health Rep., 1930, 45, 3064. 
1 Kracke, R. R., and Parker, F. P., J. Lab. Clin. Med., 1933-34, 19, 799. 
2 Madison, F. W., and Squier, T. L., J. Am. Med. Assn., 1934, 102, 755. 
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The attempts to induce hematological disorders in normal animals 
by the administration of amidopyrine have not been uniformly suc- 
cessful. 

Miller and Rhoads* reported leukopenia in the terminal phase of 
acute canine black-tongue and Day* reported a leukopenia in mon- 
keys fed diets low in their content of vitamin B, (G). This obser- 
vation suggested that the combination of amidopyrine administra- 
tion with the feeding of a deficient diet might be productive of ab- 
normal hematopoiesis. Such an experiment has been made but para- 
doxically the effect observed was anemia rather than leukopenia. 

The black-tongue diet fed was that designated by Goldberger’ as 
No, 123. Its composition has been described previously.’ In an 
extensive series of experiments black-tongue has never resulted 
from the feeding of this diet in less than 5 weeks nor more than 10. 
The normal diet fed was a mixture of cooked beef, bread, and dog 
biscuit, which is known to be capable of maintaining dogs in good 
health over a period of several years. The amidopyrine employed 
was lot 1433, manufactured by the H. A. Metz Laboratories. A 
5% solution in water was effected by gentle heating. The animals 
were bled twice weekly from the jugular veins. The blood was 
collected in bottles containing potassium oxalate. Hemoglobin values 
were estimated by the Sahli method, using calibrated tubes and 
standards. 

The report includes observations of 17 dogs divided into 4 groups. 

Experiment 1. Six dogs were fed the black-tongue diet and 0.5 
gm. of amidopyrine was administered daily. All of these animals 
showed pronounced anemia after periods ranging from 8 to 35 days. 
When the amidopyrine was discontinued, although the black-tongue 
diet was still fed, the blood levels returned to normal. 

Experiment 2. Three dogs were fed a normal diet and received 
0.5 gm. of amidopyrine daily. This series served to control Experi- 
ment 1. In no instance was anemia observed. 

Experiment 3. In this series 3 dogs were fed the black-tongue 
diet and 2.0 gm. of amidopyrine were administered daily. Severe 
anemia occurred in all 3; one animal died after a convulsion and in 
the remaining 2 the drug was discontinued and recovery ensued. 

Experiment 4. This group, composed of 5 animals, tested the 
effect of the administration of 2.0 gm. of amidopyrine daily while a 
normal diet was fed. In every instance a well-defined decrease of 


3 Miller, D. K., and Rhoads, C. P., J. Hap. Med., 1933, 58, 585. 
4 Day, P. L., Langston, W. C., and Shukers, C. F., J. Nutrition, 1935, 9, 637. 
5 Goldberger, J., and Wheeler, G. A., Bull. Hyg. Lab. U. 8. P. N. 8., No. 120, 


1920, 7. 
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erythrocyte and hemoglobin levels occurred. Two animals died, 
one of a pneumonitis and one after a convulsion. The remaining 
animals recovered after the amidopyrine was discontinued. 

Specimens of tibial bone marrow were removed at autopsy of the 
animals which died at the height of the anemia. The marrows were 
cellular but the number of adult forms of both red and white cells 
was distinctly less than normal, suggesting an inhibition of matura- 
tion. Necrosis was not observed. 

Goldberger® has reported that the oral administration of yeast 
is effective in preventing the symptoms of black-tongue and has sug- 
gested that the disease is due to a lack in the diet of a vitamin which 
is contained in yeast. This observation suggested that yeast might 
be preventive also of the anemia produced by amidopyrine admin- 
istered coincidentally with the diet feeding. 

Experiment 5. Two dogs were fed the black-tongue diet and 
at the same time 0.5 gm. of amidopyrine was administered daily by 
stomach tube. When a severe degree of anemia had resulted 10 gm. 
of Vegex, a commercial yeast autolysate, were administered daily. 
This was followed by a sharp rise in leukocytes, in erythrocytes, 
and in hemoglobin The treatment with yeast was given daily for 
20 days and then was discontinued, all other factors remaining un- 
changed. 

Following the omission of yeast a slow progressive fall in blood 
levels occurred. Yeast was administered a second time and on this 
occasion the reticulocytes were counted. The institution of treat- 
ment was followed by an increase in the number of reticulocytes to 
10 and 14% respectively and a rise once more in the levels of red 
and white cells and of hemoglobin. 

To substantiate further the conclusion that the anemia resulting 
from amidopyrine administration was due to the lack of some con- 
stituent of yeast, 2 dogs were fed the diet plus 10 gm. of autolyzed 
yeast daily. At the same time 0.5 gm. of amidopyrine was adminis- 
tered daily by stomach tube. No anemia occurred during the 2- 
month period of observation, although a fall of blood levels oc- 
curred in every dog so treated without the supplement of yeast. 

Summary and Conclusions. The daily administration of 0.5 gm. 
of amidopyrine causes anemia in dogs fed a diet which causes canine 
black-tongue. No anemia results when a normal diet is fed. The 
anemia is associated with a suppression of maturation of hemato- 
poietic bone marrow cells and it may be prevented and cured by sup- 
plementing the diet with autolyzed yeast. : 
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Liver Extract and Reticulocytosis in the Guinea Pig. 


L. E. Hummev. (Introduced by C. P. Rhoads.) 


From the Hospital of the Rockefeller Institute for Medical Research, New York 
City. 


Jacobson* has reported that an increase in the number of circu- 
lating reticulocytes follows the intraperitoneal injection in the guinea 
pig of liver extract which is curative of pernicious anemia. The re- 
sults of this test were stated to be sufficiently accurate to differentiate 
not only between potent and non-potent liver extracts, but even to 
quantitate the antipernicious effect of various dilutions of the same 
extract. Goodman, Geiger, and Klumpp’ have failed to confirm this 
observation. They stated that guinea pigs showed an irregular 
reticulocytosis without treatment and that no response to the injec- 
tion of antianemia substances occurred. 

Miller and Rhoads* published studies based upon Jacobson’s 
method and concluded that an increase of guinea pig reticulocytes 
followed the feeding of various antianemia substances. This method 
avoided the possible non-specific reticulocytogenic effect of the in- 
traperitoneal injections of irritant substances. 

In view of the very striking discrepancy between the experimental 
results of Jacobson and of Goodman and his coworkers it was 
thought advisable to reinvestigate the subject in an attempt to ob- 
tain an answer to the following 5 questions: 

1. Do spontaneous variations in the number of circulating reticu- 
locytes occur in guinea pigs maintained under absolutely constant 
conditions? 2. If spontaneous variations occur are they of such a 
degree and frequency as to serve as a valid objection to the employ- 
ment of the guinea pig as atest animal? 3. Does the guinea pig with 
otherwise constant reticulocyte levels react to the oral administra- 
tion of potent liver extract by a reticulocytosis? 4. Does the oral 
administration of the same liver extract after inactivation by heat 
provoke similar responses? 5. Do factors other than the administra- 
tion of liver extract cause reticulocytosis in the guinea pig? 

Experiments bearing on these 5 fundamental points have been 
made. The percentage of reticulocytes of normal guinea pigs, kept 


1 Jacobson, B. M., J. Clin. Invest., 1935, 14, 665. 

2Goodman, L. S., Geiger, A. J., and Klumpp, T. G., J. Clin. Invest., 1936, 
15, 435. 

3 Miller, D. K., and Rhoads, C. P., Proc. Soc. Exp. Brot. and Mep., 1934, 


32, 419. 
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under standard conditions, have been followed daily for 6 months. 
The effects of changes in diet, of liver extract feeding, and of feed- 
ing liver extract after inactivation of the anti-anemia factor have 
been studied. 

Nineteen adult white guinea pigs of the same strain were kept 
under absolutely the same conditions of room, cages, bedding, food, 
and hand'ing as far as was possible. Reticulocytes were counted by 
the dry-sinear method. The animals were bled by pricking a minute 
ear vein. The greatest care was observed to allow no more than 
0.05 cc. of blood to escape. Smears were made by the usual method 
on cover slips upon which a film of brilliant cresyl blue had been 
dried. Many check counts gave very few divergent results. Asa 
source of anti-anemia substance, liver extract, Lilly N.N.R., was em- 
ployed in a 50% solution in water. It was fed from a pipette. In- 
activated liver extract was prepared according to the method of 
Goodman by heating to 200° for 2 hours in a chemical oven. 

During the first 2 weeks of observation the levels of reticulocytes 
varied considerably without treatment and in a number of the ani- 
mals reached heights which would be considered positive response to 
therapy according to the criteria of Jacobson. The diet was changed 
after 17 days of study after the reticulocytes had been stable for 
7 days. At this point 2 guinea pigs had been discarded because of 
intercurrent disease. In 9 of the remaining animals a distinct reticu- 
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locytosis occurred following the change in diet, whereas in 8 no such 
effect was observed. During the next 3 months 7 more guinea pigs 
were discarded, 4 because of pregnancy with reticulocytosis, 2 with 
intercurrent disease and reticulocytosis, and 1 with reticulocytosis 
without apparent cause. (Fig. 1.) 

Experiment I. (Fig. 2.) From the original group 10 animals 
remained which had at no time during 3 months of constant observa- 
tion shown any increase in reticulocytes to levels of 2% or over 
for a period of 2 successive days. When these 10 guinea pigs were 
fed 0.6 gm. daily of liver extract, Lilly, every animal showed an 
increase in numbers of reticulocytes which was sustained, was well 
above the 2% level, which came within the time limits of a reticulo- 
cyte rise in human pernicious anemia, and which showed a so-called 
physiological curve with a rise and then a fall. Such consistent re- 
sults would seem to be wholly outside of the range of either spon- 
taneous rises or of experimental error. 

Experiment II. (Fig. 2.) The 10 animals which had responded 
by reticulocytosis to the feeding of liver extract were fed the same 
amount of liver extract after inactivation by charring according to 
the method of Klumpp. No increase of reticulocytes was observed. 

perros III, After a failure to respond to inactivated liver 
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extract the same animals were retested by feeding once more liver 
extract of known potency. For a second time all the animals re- 
sponded with a reticulocyte peak although not so dramatically as 
after the first test. 

From the experiments presented it appears that increases in reticu- 
locyte numbers can follow a variety of events. Changes in dietary, 
pregnancy, injury, and infection all seem to exert an effect. Jacob- 
sont has shown that excessive loss of blood may also be productive 
of rises. Lastly, rises do take place rarely, which are spontaneous 
as far as can be ascertained. It is also clear that animals can be 
selected which show no serious variation in reticulocyte numbers 
over a 3-month control period under absolutely constant conditions. 
These same animals will respond to the oral administration of liver 
extract by a rise in reticulocytes and fail to respond to inactivated 
liver extract. 

When these experiments are compared to those of Jacobson and 
of Goodman, two sharp differences are immediately apparent. Our 
animals were tested by the oral administration of liver extract, both 
active and inactivated. This route of administration was selected in 
order to avoid the possible error inherent in any method which de- 
pends upon the injection of a known irritant substance. Any error 
which might occur from the use of the oral as opposed to the paren- 
teral route should clearly be on the side of failure to respond rather 
than of false positive responses. 

The second discrepancy between the results of our experiments 
and those of other workers concerns the use of very long control 
periods (3 months) and the rigid exclusion of any animals which 
evince a rise of reticulocytes from whatever cause during those 
periods. From the rarity of spontaneous rises in our experiments it 
is clear that they should not be a serious factor in the interpreta- 
tion of results from animals which are kept under absolutely stand- 
ard and constant conditions. Our experiments cannot be compared 
justly to those of either Goodman or Jacobson however, since in the 
studies of both of them short control periods were employed; hence, 
periods of handling and bleeding alternated with periods of rest. In 
such a delicate mechanism as the maintenance of reticulocyte levels 
it is inevitable that such factors could easily increase the numbers 
of reticulocytes by one per 100, sufficient to give a response by 
Jacobson’s criteria. 

It is not the purpose of these experiments to answer the question 
of whether or not the guinea-pig response is due to the administra- 


4 Jacobson, B. M. Personal communications. 
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tion of that substance which is effective in the induction of remis- 
sions in pernicious anemia of human beings. Their only aim is to 
show that under proper conditions reticulocytes may remain at con- 
stant levels and that rises occur when liver extract is fed. Liver 
extract is a complicated and little-understood substance. It is rich 
in the vitamin B complex as well as in the anti-anemia factor. The 
question of which constituent is effective in the guinea pig must 
await further investigation. 

Summary and Conclusions. 1. The number of circulating reticu- 
locytes in the guinea pig increases after a variety of physiological 
disturbances. 2. By suitable care in handling and feeding stable 
reticulocyte levels may be maintained for as long as 3 months. 3. 
Rises of reticulocytes follow the feeding of liver extract. 4. Simi- 
lar rises do not follow the feeding of charred liver extract. 
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Effect of Colchicine on Human Tumors. 


ASHLEY W. OUGHTERSON, ROBERT TENNANT, JR., AND JOHN W. 
HIRSHFELD. 


From the Department of Surgery and Department of Pathology, Yale Uniwersity 
School of Medicine. 


The action of colchicine upon division of normal and malignant 
cells has been studied by several investigators. Dustin’ described 
a remarkable increase in the number of mitoses in malignant growths 
in animals following the injection of colchicine. Ludford’ found 
that colchicine applied to cultures of normal and malignant cells of 
animals brought about an arrest of mitosis for several hours, and 
that prolonged application destroyed the cells held up in division 
while the resting cells still survived, and that a single injection in 
animals produced an arrest of mitosis for several hours. The 
mitoses were arrested in the metaphase, which Ludford believes is 
due to the failure of the mitotic spindle to form and function in the 
normal manner. He also found that the largest accumulation of 
arrested mitoses occurred in tissue in which cell division is normally 
of frequent occurrence. This phenomenon has been utilized by 
others® * as an index of the rate of cell growth. It, therefore, 


1 Dustin, A. P., Bull. Acad. Med. Belg., 19342, 14, 487. 

2Ludford, R. J., Arch. f. exper. Zellforsch., 1936, 28, 411. 

3 Brues, A. M., J. Physiol., 1936, 86, 63. 

4 Allen, Edgar, Smith, G. M., and Gardner, W. U., Endocrinology. In press. 
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seemed that the method might prove of value in studying the growth 
characteristics of human tumors. 

The colchicine effect on tumors was studied in a group of 21 
patients who received the drug either subcutaneously or intramus- 
cularly. Fifteen of the 21 patients had control biopsies before re- 
ceiving the colchicine and of this group 11 showed definite arrest of 
mitosis in the metaphase. A biopsy was performed, when possible, 
to establish the diagnosis, and to serve as a control. Colchicine was 
then administered, and in most instances a second biopsy was per- 
formed or the entire tumor removed 9% hours later. In certain 
inaccessible tumors it was impossible to perform a biopsy before 
the removal of the tumor. However, the colchicine effect could be 
observed and compared with similar tumors. 


IM. dt 
Adenocarcinoma of rectum. H&E. 200 x. Before colchicine. 


In some cases, such as the one here reported, biopsies were taken 
at intervals varying from 4 to 18 hours after injection. The drug 
was diluted in saline solution, and administered either intramus- 
cularly or subcutaneously. Doses varying from one to 4 mg. were 
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used, and as little as 1% mg. has produced a typical colchicine effect 
in some tumors. 

The following case history is given as an example of the results 
obtained. A 50-year-old white male (A-67935) was operated on for 
a carcinoma of the sigmoid colon. The tumor was delivered on the 
abdominal wall according to the Mikulicz technique with its blood 
supply intact, and was readily accessible for biopsy. A portion of 
the tumor was removed as a control, following which 4 mg. of col- 
chicine were administered subcutaneously. Biopsy of the tumor was 
performed at 5 and 9% hours after the injection of the drug, and at 
12 hours the entire tumor and adjacent bowel were excised. The 
microscopic preparation revealed an anaplastic adenocarcinoma 
Grade III (Fig. 1). The biopsy before colchicine injection showed 


Fig. 2. 
Same tumor. H&E. 200 X. 12 hours after 4 mg. colchicine. 


all phases of mitosis, whereas following colchicine almost all mitoses 
were in the metaphase. The mitotic figures present in 20 oil 1mmer- 
sion fields selected at random in each biopsy were counted with the 
following results: 
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The number of mitotic figures was still increasing up to 12 hours, 
at which time there was an increase of over 700%. In some fields 
in the 12-hour specimen as many as 50% of the cells were in mitosis. 

The accumulation of mitotic figures aiter colchicine cannot be 
attributed to delivery of the tumor on the abdominal wall, since 
control biopsies taken before and 10 days aiter the Mikulicz pro- 
cedure showed approximately the same number of cells in mitosis 
per high power field. The repeated biopsies are probably not re- 
sponsible for the changes noted, as similar accumulations of mi- 
toses after colchicine have been observed in other intestinal tumors 
that were not subjected to multiple biopsies. It should be emphasized 
that the 12-hour specimen represents the entire tumor and a large 
portion of adjacent bowel. The sections of this tumor far re- 
moved from the sites of the small biopsy taken at the earlier period, 
as well as the normal mucosa beyond the tumor mass, showed the 
same striking accumulation of mitoses. 

The subcutaneous and intramuscular injection of colchicine in the 
doses used has not been accompanied by any general toxic symp- 
toms. Many patients, however, showed evidence of local irritation 
manifested by local soreness and redness, and in some instances by 
paresthesia. While these symptoms all disappeared spontaneously, 
nevertheless the discomfort in some patients was of such degree as 
to make it desirable to use some other method for administering the 
drug. At present, studies are being carried out on the effect of the 
drug by mouth. 

There is insufficient data, owing to the small number of any one 
type of tumor, to permit us to draw conclusions as to its effect on 
tumors in general. It is, however, apparent that the colchicine 
technique makes it possible in some instances to obtain a more ac- 
curate index of the rate of growth of the tumor than can be obtained 
by ordinary methods. 
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Effect of Cortin on High Blood Non-Protein Nitrogen of 
Partially Nephrectomized Rabbits.* 


Marvin H. Kuizenca. (Introduced by S. Tashiro.) 


From the Department of Biochemistry, University of Cincinnati. 


By limitation of the kidney tissue to a minimum compatible with 
life, blood non-protein nitrogen levels considerably higher than nor- 
mal can be maintained for periods of several weeks or even months. 
The purpose of this paper is to report the effect of cortin, made by 
the method of Swingle and Pfiffner, on the blood non-protein nitro- 
gen of partial renal insufficiency. Adult rabbits of both sexes were 
used in these experiments. The diet consisted of alfalfa hay plus 
vegetable greens twice weekly. The rabbits were fasted 12 to 16 
hours before the beginning of an experiment. The cortin was ad- 
ministered intraperitoneally and the blood samples withdrawn from 
the marginal ear vein. The technique for partial nephrectomy de- 
scribed by Bradford* was used. A wedge shaped piece of kidney 
tissue was first removed from one kidney and after recovery from 
this operation the other kidney was entirely removed. The percen- 
tage of kidney tissue removed was calculated upon the basis that the 
total kidney tissue was twice that of the kidney removed at the 
second operation. 

In a series of 22 rabbits it was found that when the kidney tissue 
was limited to 30%, the initial increase in the non-protein nitrogen 
of the blood was followed by several weeks of lower values, still 
higher than normal, and finally by increases up to 400 mg. per 100 
cc. before death. These results confirm those of Anderson.’ 

In Table I are given the blood non-protein nitrogen levels before 
and after the cortin injections. Rabbit No. 775, from which 72% 
of kidney had been removed, was allowed to become pregnant and 
2 weeks before parturition, the non-protein nitrogen began a steady 
climb. This was twice interrupted and appreciably lowered by in- 
jection of cortin. Before parturition the NPN rose to 95 to 100 mg. 
per 100 cc. blood, which after delivery of a normal litter of 5, 
dropped back to 75, where it remained until an injection of 15 cc. of 


* The results here reported were taken from a thesis submitted to a committee 
of the graduate school of the University of Cincinnati in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in June, 1933. 

1 Bradford, J. R., J. Physiol., 1897-1899, 22 and 23. 

2 Anderson, H., J. Exp. Med., 1924, 39, 707. 
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TABLE I. 
Blood non-protein Lowest 
nitrogen non-protein 
per 100 ee. nitrogen 
Rabbit at time of inj., within 24_ 
No. Injections of cortin mg. hr. after inj. 
439 5 ec. twice. 2nd inj. one hour after 1st 266 250 
443 3 ce. twice. 2nd inj. 1% hr. after Ist 233 162 
434 2 ec. three times at 2 hr. intervals 131 111 
432 3 ce. twice. 2nd inj. 2 hr. after Ist 88 70 
593 6 ce 163 149 
775 6 ce. 74 59 
767 10 ce. twice. 2nd inj. 2 hr. after 1st 336 248 
758 10) ee. 138 126 
757 10 ee. at 10:30 A.M. 5 ec. at 1:00 P.M. 98 59 
753 10 ce. 216 188 
753 iQ Ge, 260 183 
775 5 ce. 70 55 
775 10 ce. at 10:00 A.M. 5 ce. at 1:00 P.M. 75 54 


“cortin’’ preparation lowered it temporarily to 50. Four of the litter 
of 5 survived and remained healthy. 

Controls were made with 0.9% NaCl, the solvent in which the 
cortin was injected. Two rabbits with blood non-protein nitrogen 
of 140 and 75 were each given 10 cc. of 0.9% NaCl solution. Sam- 
ples were taken, as in the cortin injected group, at regular 2-hour 
intervals and again 24 hours after injection. In both cases no de- 
crease in the non-protein nitrogen values was observed. The for- 
mer increased to 160 and the latter to 86 mg. %. 

The extracts used were tested in young bilaterally adrenalecto- 
mized white rats, and were found to be effective both in reviving 
these animals from adrenal insufficiency and in maintaining their 
lives. 

Anderson’ reported that pregnancy in the 6th week after nephrec- 
tomy in a rabbit which had only 63% of kidney removed resulted 
in death with blood urea nitrogen of 400 mg. %. He reports that 
none of the nephrectomized rabbits were successful in raising their 
litters even though the reduction of kidney was in no case greater 
than 65%. 

It is probable that the lowering of the high blood non-protein 
nitrogen in partial renal insufficiency by injection of cortin is a re- 
sult of an effect of the cortical hormone on the remnant of kidney 
remaining. A relationship of the adrenals to kidney function has 
been suggested. Marshal and Davis® postulated a decreased kidney 
function after adrenalectomy, since urea and creatinine injected into 
the blood were excreted very slowly. Banting and Gairns* de- 


3 Marshal and Davis, J. Pharm. Exp. Therap., 1916, 8, 525. 
4 Banting and Gairns, Am. J. Physiol., 1926, 77, 108. 
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scribed hyperemia of the kidney with swelling of the tubules, and 
found albuminous casts and blood cells in the tubules. Swingle? 
found albumin in the urine of animals showing marked symptoms 
of adrenal insufficiency and reported congestion and hemorrhage 
in the kidneys. Hartman, et al.,° reported an accumulation of large 
quantities of lipoid substance in the tubuli contorti of the kidney. 
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The Blood Picture of the Normal Dog. 


H. D. BRUNER AND G. E. WAKERLIN. 


From the Department of Physiology and Pharmacology, University of Louisville 
School of Medicine. 


Since Wintrobe, ef al.," have pointed out the relative paucity of 
information in the literature concerning normal blood values for 
the dog, we are briefly recording additional data obtained during 
certain experimental studies. 

Adult mongrel dogs weighing from 6 to 25 kg. were used. They 
were housed in individual cages and fed a commercial dog food 
supplemented with bones. Blood was drawn from the saphenous 
vein at approximately the same hour of the morning and collected 
into heparin. The blood values determined were the red blood cell 
count, hemoglobin, volume of packed red cells, reticulocyte percen- 
tage, and leucocyte count. Each red cell count was the average of 
2 counts from separate pipettes differing by less than 200,000 cells 
per cmm.* Hemoglobins were determined by the Newcomer method. 
The volume of packed erythrocytes was the average of readings 
from 2 Wintrobe hematocrit tubes.” Reticulocytes were recorded 
from a count of 1000 red cells by the wet mount technique.* Each 
leucocyte count was obtained from the average of 8 sq. mm.* Mean 
corpuscular volume, mean corpuscular hemoglobin, and mean cor- 


5 Swingle, W. W., Am. J. Physiol., 1928, 86, 450. 

6 Hartman, F. A., MacArthur, C. G., Gunn, F. D., Hartman, W. E., and Mac- 
Donald, J. J., Am. J. Physiol., 1927, 81, 244. 

1 Wintrobe, M. M., Shumacker, H. B., and Schmidt, W. J., Am. J. Physiol., 
1935, 114, 502. 

* The hemacytometers and red and white cell pipettes were certified by the 
United States Bureau of Standards. 

2 Wintrobe, M. M., Am. J. Med. Sci., 1933, 185, 58. 

3 Wakerlin, G. E., Bruner, H. D., and Kinsman, J. M., J. Pharm. and Exp, 
Therap., 1936, 58, 1. 
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puscular hemoglobin concentration were calculated.* A total of Donk 
weekly counts was made on 34 dogs, 17 males and 17 females, 
during a maximum period of 11 months. . 
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Fig. 1. 


Results of 251 Blood Examinations on 34 Normal Dogs. 


The results are recorded in the histograms of Fig. 1 and in the 
statistical analysis of the findings in Table I. We noted, as have 
others, that the erythrocyte count of the dog may vary as much as 
1.5 millions within 7 days and that variations of 1.0 million were 
not unusual. These fluctuations in red cell count were accompanied 
by more or less corresponding changes in the hemoglobin and hema- 
tocrit values. The mean corpuscular volume, mean corpuscular 


4 Wintrobe, M. M., J. Lab. and Clin. Med., 1932, 17, 899. 
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hemoglobin, and mean corpuscular hemoglobin concentration may 
vary as much as three times the standard deviation within 7 days. 
The mean reticulocyte value is comparable to that of Krumbhaar.® 
The mean value and the wide variations in the number of leucocytes 
compare favorably with the findings of Mayerson® and the compila- 
tion of Scarborough.” Our statistical analysis agrees closely with 
that of Wintrobe.t In agreement with previous reports for the 
dog, we noted no significant differences between the erythrocyte 
count, hemoglobin, volume of packed red cells, reticulocyte per- 
centage, and leucocyte count of the male and female dogs studied. 


Summary, The results of 251 determinations of the red blood 
cell count, hemoglobin, volume of packed red cells, mean corpuscular 
volume, hemoglobin, and hemoglobin concentration, reticulocyte 
percentage and leucocyte count of 34 normal dogs are recorded. 
No significant sex differences for these values were observed. 
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Study of Peripheral Circulation by Means of an Alternating 
Current Bridge. 


HuBERT MANN. 


When the electrical conductivity of any part of the body is meas- 
ured by means of an alternating current bridge it is found that this 
conductivity shows a rhythmic variation synchronous with the pulse. 
This phenomenom which can be observed in any accessible part of 
the body, offers a method of studying the peripheral circulation. 
For experimental purposes a single finger, generally the right index 
finger, has been chosen as the subject of this investigation. 

The experimental set-up is as follows: 2 strips of cotton gauze or 
thin metal foil are applied to the finger after moistening with a salt 
solution or an electrically conducting paste or jelly, care being taken 
that the gauze or foil does not constrict the finger or impede the cir- 
culation. One of these electrodes is placed near the tip and the 
other near the base of the finger. Through these strips the finger is 
then connected to an alternating current bridge. This bridge, in- 
stead of having the customary earphones, is connected to an ampli- 


5 Krumbhaar, E. B., J. Lab. and Clin. Med., 1922, 8, 11. 
6 Mayerson, H. S., Anat. Rec., 1930, 47, 239. 
7 Scarborough, R., Yale J. Biol. and Med., 1930, 8, 359. 
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fier and the output of the amplifier after rectification actuates a re- 
cording galvanometer. A change in the electrical conductivity of 
the finger is thus recorded. 

Care is taken that the patient’s hand and arm are in a comfort- 
able position with the fingers relaxed and free from constriction or 
any discomfort. During the course of the experiment a current of 
about one volt and one milliampere passes through the right index 
finger. This current does not give rise to any sensation or to any 
objective changes even after several hours’ continuous application. 

The curves obtained are not due to variation in contact resistance 
between the finger and the electrode. This is evident from the fact 
that when the electrodes are made of gauze soaked in salt solution 
and applied loosely to the finger, the same curve is obtained as when 
the electrodes are made of metal foil. Variations in the electrical 
conductivity of the finger, as recorded by this instrument, seem to 
be due solely to circulatory factors. When the circulation in the 
finger is stopped by a blood pressure cuff on the upper arm the in- 
strument then records a level base line without rhythmic variations 
(Fig. 1). If the blood pressure cuff is deflated slowly the instru- 
ment begins to record small waves when systolic pressure is reached 
and these waves increase in amplitude, reaching their maximum 
when the pressure in the cuff approaches the diastolic blood pressure. 


Fie. 1. 

Continuous record taken from the right index finger while a blood pressure 
cuff was attached to the right upper arm. The pressure in the cuff was gradually 
lowered. The curve begins to appear as a small rhythmic wave when the pressure 
in the cuff reaches systolic blood pressure and the curve attain$ its maximum 
height when the pressure in the cuff approximates diastolic blood pressure. An 
upstroke in the curve indicates decreased impedance in the finger. 
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While it is not safe to assume that the height of the recorded curve 
is directly proportional to the blood flow through the finger, it seems 
obvious that variation of the blood flow through the finger produces 
variation in the recorded curves, and that there is a positive corre- 
lation between the height of the recorded curve and the volume of 
the peripheral circulation. 

This correlation is evident in experiments with drugs whose 
peripheral circulatory action is well known. Nitroglycerin: 1/100 
grain under the tongue: produced a rapid, marked increase in the 
height of the curve in all 5 individuals tested. Smoking had the 
opposite effect. Ergotamine tartrate: 1 mg. injected intramuscu- 
larly: produced a gradual decrease in the amplitude of the curve, 
the maximum effect occurring about one hour after injection. Fig. 
2 illustrates some of the characteristic curves. 


Fig. 2. 
A— shows a curve taken from the right index finger of a normal adult. B— is 
a record from the same finger 10 minutes after 1/100 mg. of nitroglycerine under 
the tongue. C— is a record of the same patient immediately after smoking the 
first morning cigarette. D— is a record taken from the right index finger of a 
normal adult. E— is a record of the same finger 50 minutes after the intra- 
muscular injection of 1 mg. of ergotamine tartrate. 


It will be noted that the curves in Fig. 2 show not only changes 
in height but also changes in shape. Curves A and D were both 
made from the right index fingers of apparently normal adults and, 
although of about the same height, show very different shapes. 
Curve B shows a characteristic shape which is produced regularly 
by nitroglycerine. In all the curves recorded, the change which oc- 
curred in the finger with each pulse beat was an increased. capaci- 
tance and a’decreased resistance. Of these 2 effects, the capacitance 
effect was by far the more pronounced. Because of the complexity 
of the physical and mechanical elements involved, the evaluation of 
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the significance of the shape of the curves can not as yet be published. 
Suffice it to say that the phenomena observed are constant and easily 
reproducible so that the evidence at hand indicates that the electrical 
changes in the finger provide a new and useful method for studying 
circulatory changes. 

Summary, The alternating current bridge offers a method of 
studying the peripheral circulation, and of recording changes pro- 
duced by physiological and pharmacological agents. 
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Leucocytic Infiltration of Irradiated Mouse Sarcoma 180. 


ROBERT CHAMBERS AND C. G. GRAND.* 


From the Department of Biology, Washington Square College, New York 
University. 


In tissue cultures of the Crocker Mouse Sarcoma 180 a pro- 
nounced difference was found in the numbers of blood granulocytes 
which migrated from explanted fragments of tumors irradiated im 
vivo, in vitro, and of untreated controls. 

The tissue culture method affords a ready means cf detecting the 
presence of leucocytes in a given tissue. The polymorphonuclear 
leucocytes are the first cells to migrate from the explant into the 
surrounding plasma medium and, if present in large numbers, form 
cloud-like masses extending beyond the periphery of the explant 
within a few hours after incubation. This method was recently 
used as one of the means of determining the accumulation of leuco- 
cytes in various mouse tumors which had been injected with starch.* 

The tumors used were growths which had developed for about 10 
days after subcutaneous inoculation. Their size varied from about 5 
to 8 mm. in gross diameter. Sarcoma 180 is a rapidly growing 
tumor which spontaneously undergoes partial necrosis. In selecting 
fragments for tissue culture, care was taken to note whether they 
were from necrotic or from non-necrotic regions for comparisons 
with irradiated or non-irradiated specimens. 

Studies were also made of a large number of histological sections 
of tumors removed at hourly intervals after irradiation. These were 
compared with untreated tumors of similar ages and also with 
tumors irradiated after extirpation. 


* Aided by the International Cancer Research Foundation, Philadelphia, Pa. 
1 Chambers, R., and Grand, C. G., Am. J. Cancer, 1937, 29, 111. 
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Irradiation of the tumors by X-rays was done through the cour- 
tesy of the Memorial Hospital, New York City, according to the 
technique recently described by Sugiura.* Single dosages were 
given. They varied between 1500 to 2800 roentgen units of hard 
X-ray. 

Untreated tumors of various ages grown in tissue culture showed 
very little evidence of outwandering granulocytes irrespective of 
whether the fragments used were from necrotic or non-necrotic 
regions. A similar scarcity of typical blood granulocytes was observed 
in histological sections of the tumors in the younger tumors, showing 
incipient regions of necrosis, and also in advanced tumors with 
extensive necrotic regions. In the necrotic regions, which were 
frequently extensive in the older tumors, there were clumps and 
scattered granules of hematoxylin-staining material, but very little 
of it could be definitely identified as blood granulocytes. The same 
was true for the marginal zones between the necrotic and non- 
necrotic regions. This lack of identifiable blood granulocytes ac- 
corded with the results from the tissue cultures in which only an 
occasional outwandering granulocyte could be distinguished around 
the explants of either necrotic or non-necrotic tissue. 

Tumors irradiated after extirpation showed a similar scarcity of 
blood granulocytes. 

The tumors irradiated in vivo were removed at hourly intervals 
and then daily, up to 15 days after the treatment. The tumor tissue 
was then either fixed for sectioning or used for tissue culture. 

Very few blood granulocytes were observed in tissue cultures of 
tumors removed within 6 hours after irradiation in vivo. Those of 
tumors removed at hourly intervals beyond 6 hours showed a pro- 
gressive increase in outwandering blood granulocytes until, in those 
removed 24 to 48 hours after treatment, the blood granulocytes 
appeared about the explant in relatively large numbers. It was also 
found that the longer the tumors had remained in sitw after irradia- 
tion im vivo, the sparser was the outgrowth of the true sarcoma cells. 
The amount of sarcomatous growth was in inverse proportion to 
the abundance of blood granulocytes present. In cultures which 
showed outgrowths, both of granulocytes and of sarcoma cells, the 
granulocytes were more abundant in zones where the sarcomatous 
outgrowth was sparse and vice versa. 

The increase in numbers of blood granulocytes was also observed 
in histological sections of the tumors. In tumors removed 12 to 48 
hours or later after irradiation the granulocytes appeared in masses 
irregularly dispersed throughout the tumors in regions where the 


ES 


2 Sugiura, K., Radiology, 1937, 28, 162. 
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sarcoma cells were beginning to undergo pycnosis. Typical blood 
granulocytes were in the extensive necrotic regions, but they were 
most abundant in zones surrounding the necrotic regions and were 
also present in spaces between morphologically normal appearing 
sarcoma cells bordering the necrotic regions. In these necrotic re- 
gions could also be observed the irregular, hematoxylin stained ma- 
terial described for the necrotic regions of untreated tumors. The 
blood granulocytes were present in quantities throughout the degen- 
erative changes of the irradiated tumors. 

Tests to exclude the possibility that the leucocytic response was 
due to possible infection of the irradiated tumors were made by 
bacteriological agar slants. These were uniformly sterile. More- 
over, the tissue cultures, in which bacterial colonies develop rapidly 
and very early, were sterile during their maintenance for over a 
week. The cultures closely resembled those of fragments of starch- 
injected tumors in which sterile precautions were rigorously main- 
tained. 

These findings indicate that irradiation of Sarcoma 180 induces 
changes which call forth an accumulation of blood granulocytes in 
the tumor. The question is still open whether the accumulation is the 
cause of or subsequent to the necrotic changes. The fact remains 
that granulocytic response and necrosis accompany one another in 
the irradiated tumors while they do not in the spontaneous necrotic 
changes of non-radiated tumors of Sarcoma 180. 
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Role of Arteries in Peripheral Resistance of Hypertension. 


Myron PRINZMETAL AND ENIp TRIBE OPPENHEIMER. (Intro- 
duced by B. S. Oppenheimer. ) 


From the Medical Service of the Mount Sinai Hospital, New York City. 


It seems established that arterial hypertension must be due to an 
increased peripheral resistance, but which part of the vascular bed 
is concerned in this increase is still somewhat uncertain. Evidence 
on the whole supports the view that it is due to arteriolar constric- 
tion, but some workers believe that the larger arteries also become 
narrowed in hypertensive conditions.* 

Our observations represent an attempt to ascertain whether or not 
the larger arteries are involved in the production of the increased 


1 Weiss, S., Haynes, F. W., and Shore, R., Am. Heart J., 1936, 11, 402. 
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resistance of chronic hypertension. It is known that normally the 
blood pressure in the arterial bed falls gradually from large to small 
arteries, and that the greatest fall occurs in the region of the arter- 
ioles. If the arteriolar resistance should increase, the arterial blood 
pressure would be increased throughout, in small as well as large 
arteries, so that the pressure gradient from large to small arteries 
would either remain substantially unchanged, or become less. If an 
increased resistance should occur in the arteries themselves, the 
pressure gradient would tend to become steeper, since the pressure 
would be raised in the largest arteries, but would be reduced in the 
smallest. 

We therefore measured the blood pressure in a large and a small 
artery of subjects with hypertension, and compared the figures with 
those obtained from individuals having normal systolic pressures. 
Blood pressure was determined in the brachial artery by the usual 
auscultatory method, and in the digital artery by Gaertner’s method,” 
whereby, after rendering the finger bloodless, the pressure is noted 
at which the finger again becomes suffused with blood. This pres- 
sure is assumed to be the systolic pressure in the digital artery. 


TABLE I. 
Average Brachial-Digital Gradients. 
No. of Brachial Digital Brachial-Digital 
Type of Case Cases Syst. Press. Syst. Press. Gradient in mm. 
Normal 25 124 95 29 
Hypertensive 
(a) Benign H.T. 32 184 152 32 
(b) Secondary H.T. (renal) 10 187 156 31 
(c) Malignant H.T. 9 210 186 24 
Averages for all Hypertensives 51 188 158 30 


Hypotensive 14 98 Gal 27 


From Table I it will be seen that the average brachial to digital 
pressure gradient in cases of hypertension shows no significant dif- 
ference from that in subjects with normal or with low blood pres- 
sure. The most marked variation is perhaps a slight reduction of 
gradient in the cases of malignant hypertension. 

It would seem, therefore, that there is certainly no significant 
increase in the brachial-digital pressure gradient in chronic hyper- 
tension, suggesting that the increased resistance occurs, not in the 
larger arteries, but mainly in vessels smaller than the digital artery. 

This contention is further supported by observations made on a 
patient with paroxysmal hypertension due to pheochromocytoma. 
During the hypertensive attacks, easily induced by moderate exer- 


2 Formijine, P., Am. Heart J., 1934, 10, 1. 
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cise, large amounts of epinephrin were demonstrated in the blood? 
by the Pissemski method.** This condition was of particular 
interest to us, since epinephrin is known to cause constriction of ar- 
teries as well as of arterioles. Table II shows that during the hyper- 
tensive attacks the brachial systolic pressure rose to 280 mm., while 
the digital pressure, on the contrary, showed a slight fall, resulting 
in a steep brachial-digital gradient of 150 mm., as contrasted with 
the 30 mm. gradient of chronic hypertension. The marked contrast 
between this case, where arterial spasm is admittedly present, and 
the cases of chronic hypertension suggests that in the latter condi- 
tion, where there is no increased gradient, there is no constriction of 
the larger arteries. 


TABLE II. 
No. of Brachial Digital Brachial-Digital 

Type of Case Cases Syst. Press. Syst. Press. Gradient 
Pheochromocytoma 

(a) Resting 184 141 43 

(b) During attack il 280 130 150 

(c) After removal of tumor 133 90 43 
Obliterative Vascular Disease 

Thromboangiitis oblit. 2 112 43 70 

Sclerodactylia 1 107 27 80 


Thrombosis of brach. art. iL 104 2 75 


In 4 cases also of obliterative vascular disease (Table II), we 
found that the brachial-digital fall of pressure was much greater 
than in normal subjects. These cases indicate that obstruction of the 
arteries, whether due to spasm or to organic changes, causes an in- 
creased gradient in the fall of pressure between brachial and digital 
arteries. 

We therefore conclude that in chronic hypertension the increased 
resistance occurs in vessels smaller than the digital artery. 


3 Beer, E., King, F. H., and Prinzmetal, M. To be published shortly. 

*In this method the fluid to be tested is perfused through the vessels of a 
denervated rabbit ear. In our case the patient’s blood plasma caused vaso- 
constriction, which was inhibited by ergotoxin. 

4 Pissemski, A., Pfliiger’s Arch., 1914, 156, 430. 
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Para-Aminobenzenesulfonamide Therapy in Experimental Type 
III Pneumococcal Pneumonia. 


FRANK B. Cooper AND PAuL Gross. (Introduced by Ralph R. 
Mellon. ) 


From the Western Pennsylwania Hospital Institute of Pathology, Pittsburgh. 


We have reported? the successful treatment of experimental 
Type III pneumococcal pneumonias in rats by the daily oral admin- 
istration of p-aminobenzenesulfonamide. 

The present report deals with additional results obtained by treat- 
ing 64 rats, suffering from Type III pneumococcal pneumonia, with 
p-aminobenzenesulfonamide.* * These results are contrasted with 
those from a simultaneous series of 37 similarly infected, but un- 
treated, animals. 

The infection technic employed by us differs from that of Nun- 
gester and Jourdonais.* Under sodium amytal anesthesia the tra- 
chea was exposed by an incision 1.0 cm. long. A 16-gauge (B. & 
S.) trocar, 4.5 cm. long, bearing a protruding, pointed stylet, was 
inserted between the tracheal rings. The stylet was then with- 
drawn and the trocar gently inserted for a distance of 3.0 to 3.5 cm. 
A tuberculin-syringe containing a suspension of pneumococci in 
mucin was attached to the trocar and 0.07 to 0.10 cc. of the sus- 
pension injected, after which the trocar was withdrawn and the skin 
sutured with silk. 

The suspension of organisms was prepared by diluting an 18-hour 
broth culture of our “420” strain of Type III pneumococcus 1000 
times in broth and adding powdered gastric mucin (Armour), with 
constant stirring until a homogeneous, viscid mixture was obtained. 
No attempt was made to sterilize the mucin or to standardize the 
viscosity, since each different suspension had its own series of con- 
trol animals. In 4 groups of rats the culture was diluted 10,000 
times. 

The animals were divided into 10 groups, which were treated as 
described under Fig. 1. Treatment consisted of the oral adminis- 
tration of 125 mg. of p-aminobenzenesulfonamide (as a 25% sus- 
pension in 15% aqueous gum acacia) daily for 14 consecutive days. 
All survivors in each group were killed with ether on the fifteenth 


se Gross, P., and Cooper, F. B., Proc. Soc. Exp. Bion. AND Mep., 1937, 36, 225. 
* Kindly supplied by the Winthrop Chemical Co. and Burroughs Wellcome 
& Co. 


2 Nungester, W. J., and Jourdonais, L. F., J. Bact., 1935, 29, 34. 
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Fig. 1. 

A. Fourteen rats, infected with 0.07 ec. of a 1:1000 dilution of an 18-hour 
broth culture. Untreated controls. (From previous report.1) 

B—Thirteen rats, same infecting dose as Group A, treated immediately after 
infection. (From previous report.1) 

C. Fifteen rats, infected with 0.1 cc. of a 1:1000 dilution of an 18-hour 
culture. Untreated controls. 

D. Fifteen rats, same infecting dose as Group C, treated after 6 hours. 

HK. Fourteen rats, same infecting dose as Group C, treated after 30 hours. 

F. Fifteen rats, infected in same manner as Group C (except that inoculum 
had stood for 4 hours in a warm room), treated after 18 hours. 

G. Eleven rats, infected with 0.07 cc. of a 1:10,000 dilution of an 18-hour 


culture. Untreated controls. 
H. Ten rats, same infecting dose as Group G, treated after 48 hours. 
I. Eleven rats, infected with 0.07 ec. of a 1:10,000 dilution of an 18-hour 


culture. Untreated controls. 
J. Ten rats, same infecting dose as Group I, treated after 24 hours. 


day. All animals were necropsied. Smears were made of pleural 
exudate, peritoneum, and blood from the femoral vein. Sections 
were made of all lobes of both lungs, of the heart, liver, spleen, and 
left kidney. 

The effect of the treatment on the survival-time of the infected 
rats is shown graphically in Fig. 1. Group B, treated immediately 
after infection, showed a 77% survival contrasted with a 14% 
survival in Group A. Group D, treated 6 hours after infection, had 
a 60% survival, whereas no animals survived in Group C. Further- 
more, the shortest survival-time in the treated group was greater 
than the longest in the control group. Even in Group E, where treat- 
ment was delayed 30 hours after infection, 21% of the rats survived, . 
while all controls (Group C) died within 5 days. Group F, repre- 
senting an earlier treatment (18-hour interval following infection), 
but a larger infecting dose, showed practically the same survival- 
rate, 20%, as Group E. Group H, representing a smaller infecting 
dose with treatment delayed 48 hours after infection, showed 80% 
survivals against 18% in Group G. Group J, infected with a dose 
that allowed a 45% survival-rate in Control Group I, showed a 70% 
survival when treatment was delayed 24 hours after infection. 
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The pneumonic consolidation was lobar in distribution, usually 
involved more than one lobe, sometimes an entire lung, and occa- 
sionally both lungs. The animals that succumbed, treated or un- 
treated, showed no consistent difference in the degree of pulmonary 
involvement. Similarly, no qualitative or quantitative differences 
could be detected microscopically in the cellular reaction of the 
treated animals that would distinguish them from the controls. 

All smears and sections from both treated and untreated rats 
revealed a marked infrequency of phagocytic activity; also, they 
gave no indication that this activity was greater in the treated ani- 
mals than in the controls. 

Empyema, often sufficiently severe to cause the compression of 
non-pneumonic lobes, was observed in all of the control rats, and 
87% of the treated rats that died. Of the fatalities, 26% of the 
controls showed pneumococci in blood smears, whereas the blood 
smears of all treated rats were negative. Peritonitis, based on the 
presence of polymorphonuclear leukocytes and pneumococci in per- 
itoneal smears, was present in 29% of the control fatalities, com- 
pared with 8% of the fatalities among the treated animals. 

The average survival-time of the rats that succumbed was 3.9 
days for the combined control groups, and 6.9 days for the treated 
groups. Pneumococci were never found in smears of the blood, 
peritoneum, or pleura, in animals that survived to the fifteenth day. 
Of all the control rats that survived 15 days, 56% (5 out of 9) 
showed no grossly demonstrable pneumonia. A similar percentage 
(56%, 22 out of 39) was found in the treated survivors. Some 
animals in both series showed pleural adhesions, and all gave micro- 
scopic evidence of pneumonitis. The histologic changes in the lungs 
of the survivors were similar to those described by Gunn and Nun- 
gester.° Changes in the heart, liver, spleen, and kidney of rats that 
succumbed were no different in the treated than in the untreated 
animals. 

Treatment resulted in a marked reduction of the mortality-rate 
of rats infected intrabronchially with virulent Type III pneumo- 
cocci. This reduction was related to both the interval between in- 
fection and initial treatment and the size of the infecting dose. 

Of the rats that succumbed to the infection, the average life of 
those treated was greater than that of the untreated controls. Sim- 
ilarly, there were fewer cases of bacteremia and peritonitis in the 
treated rats. (This should be qualified to a certain extent since the 
criterion used to determine the presence or absence of bacteremia 

ee ec 


3 Gunn, F. D., and Nungester, W. J., Arch. Path., 1936, 21, 813. 
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is, at best, a very rough one.) Empyema was only slightly less com- 
mon in the treated animals. 

The treatment had no apparent effect upon the type or extent of 
the pulmonary involvement, which, due to the longer survival-time, 
was frequently greater in the treated animals than in the controls. 
The percentage of pneumonias that subsided with a minimum of 
residue was practically the same in treated and control animals. 

Rosenthal* found that p-aminobenzenesulfonamide was bacterici- 
dal for pneumococci of Types I, II, and II] in vitro. However, since 
the course and the extent of the pneumonia was not lessened by the 
therapy, it seems that such bactericidal action was relatively unim- 
portant. Nevertheless, this treatment enabled the host, in many 
cases, to survive an otherwise fatal toxemia. 

Because of these encouraging results, similar therapy was used 
on human Type III pneumococcal pneumonia. Heintzelman, Had- 
ley, and Mellon® report the survival of 7 out of 9 patients treated 
with p-aminobenzenesulfonamide; of 10 cases not treated with this 
drug only 2 recovered. 

Conclusions, P-aminobenzenesulfonamide given orally to rats 
suffering from experimental Type III (‘‘420” strain) pneumococ- 
cal pneumonia reduced the mortality and increased the survival- 
period. The effectiveness of this treatment varied inversely with the 
interval between infection and initial treatment, and with the magni- 
tude of the infecting dose. The treated rats which succumbed 
showed less bacteremia and a lower incidence of peritonitis than the 
untreated ones which succumbed. The course and extent of the pneu- 
monia was not appreciably affected. Treatment apparently enables 
many of the animals to survive the associated toxemia which is 
commonly fatal to similarly infected, but untreated, rats. 


4 Rosenthal, S. M., Public Health Reports, 1937, 52, 192. 
5 Heintzelman, J. H. L., Hadley, P., and Mellon, R. R., Am. J. Med. Sc., 19387, 
193, 759. 
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Bacteriostatic Effect of Sulfanilamide in Spinal Fluid of Con- 
valescent Cases of Streptococcal Meningitis. 


RaLtpH R. MELLON aNp Louis L. BAMBAS. 
From the Western Pennsylvania Hospital, Institute of Pathology. Pittsburgh. 


During the latter part of August, 1936, and the first week of 
September, we treated successfully with sulfanilamide what appears 
to be the first critically studied case on record of streptococcal men- 
ingitis. Our second case, one of highest severity, was treated in 
December. It also recovered. The spinal fluid in each was char- 
acterized by a remarkable bacteriostatic effect of the drug, manifest- 
ing itself in the first case in 72 hours, and in the second in 48 hours. 

In the latter case there were 3,000 white cells per cmm., of spinal 
fluid, and 8 chains of streptococci per high-power field. One loop 
of spinal fluid yielded countless numbers of colonies on a blood agar 
plate; yet after 48 hours’ treatment, seeding of % cc., of spinal 
fluid under the same conditions gave no growth, even after 5 days’ 
incubation at 37°C. 

When contrasted with the normal serum of a healthy adult, the 
following results obtain: Both fluids were seeded with 100 strepto- 
cocci and incubated at 37° for 24 hours. No growth was obtained 
from the spinal fluid, while the serum showed slightly over 1,000 
colonies. A complete clinical report’ of these cases has been in press 
for some months. 

In a case of brain abscess” with a Type V pneumococcus, which 
was successfully treated, a question arose with the surgeon relative 
to the accessibility of the spinal fluid to the drug, which was adminis- 
tered para-spinally. A quantitative test for sulfanilamide, devised 
by one of us (Bambas), proved to be essentially the same as the one 
later reported by Fuller,® except that H acid (l-amino-8-naphthol- 
3.6-disulfonic acid) was used as the coupling compound. 

In 72 hours the patient had received 10 cc. of Prontosil in 2 doses 
of 5 cc. each, and a total of 40 grains of sulfanilamide in 5 doses. 
The concentration of the drug in the ventricular fluid was 1 :25,000, 
or 4 mg. per 100 cc. of fluid. 

The patient continued to receive 20 grains of sulfanilamide per 
day for 3 more days. The concentration at this time was 1 :35,000 


; ———— ee ES eee 
1 Weinberg, M. H., Mellon, R. R., and Shinn, L. E., J. Am. Med. Assn., 1937, 
108, 1948. 


2 Rowe, N.S., to be published. 
8 Fuller, A. T., Lancet, 1937, 232, 194. 
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in both blood and spinal fluid, showing the interesting fact that no 
partition-coefficient between the 2 fluids existed. 

Curiosity as to the mechanism of the bacteriostatic and killing 
action of the drug led to experiments on its possible effect on the 
dehydrogenases of the pneumococcus. Sulfanilamide was studied 
comparatively with other well-known bactericidal agents, and the re- 
sults follow. We used Type I Neufeld strain, and glucose was em- 
ployed as a metabolite. 

In these experiments the Thunberg technic was employed: one cc. 
of 1:5,000 methylene blue; one cc. of 0.01 M glucose; one cc. of 
pH 7.4 phosphate buffer ; one cc. of washed cells of Type I Neufeld, 
mucoid, pneumococcus; and one cc. of the inhibitor were placed in 
a Thunberg tube. The tubes were exhausted, placed in a water-bath, 
and the rate of reduction of the methylene blue was noted. 

With sodium glycocholate the inhibiting molarity of its concen- 
trations was M/5,000 to M/2,000; with optochin hydrochloride, 
M/1,500 to M/1,000; with apoquinine hydrochloride, M/750 to 
M/250; with quinine acetate, M/1,000 to M/200; but with sulfanil- 
amide, M/100 (0.17%). No inhibition of reducing power of Type 
I Neufeld pneumococcus in the presence of glucose at M/100 
(0.17%), the highest concentration obtainable was shown with 
this technic. 

The results show that whereas the ordinary bacteriostatic com- 
pounds inhibit the dehydrogenases (a part of the respiratory mech- 
anism), the sulfanilamide does not affect these enzymes. This rules 
out an effect that the drug might have on the organisms. 
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A Virus Disease of Swiss Mice Transmissible by Intranasal 
Inoculation. 


A. R. DocHEz, K. C. Mitts anp B. MULLIKEN. 


From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York City. 


Mice have been extensively employed in the study of the virus 
of human influenza since the discovery by Andrewes, Laidlaw, and 
Smith,’ and by Francis’ that these animals are susceptible to intra- 


1 Andrewes, C. H., Laidlaw, P. P., and Smith, W., Lancet, 1934, 2, 859. 
2 Francis, T., Jr., Science, 1934, 80, 457. 
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nasal inoculation of ferret-passed virus. Francis* has recently 
shown that influenza virus cultivated in the chorio-allantoic mem- 
brane of the developing chick embryo is pathogenic for mice and does 
not require ferret passage to raise its virulence. Many of the im- 
munological studies of influenza virus have been made by means of 
protection tests using mice as test animals. It is obvious, therefore, 
that if the virus of the common cold could be made virulent for 
mice, a similar and valuable ‘immunological study of this virus 
could be made. 

After a number of preliminary failures in attempts to infect mice 
by intranasal inoculation of the virus of common cold, we began, 
during the summer of 1936, to use virus for inoculation which was 
being cultivated in the chorio-allantoic membrane of the chick em- 
bryo. By this means, with comparatively little difficulty, 3 different 
strains of virus were established in mice and could be passed in 
series by intranasal inoculation of emulsions of infected lung. After 
the few passages necessary to establish the strains, all 3 produced 
fairly uniform lesions in the lungs. The mortality rate was much 
less than that reported for human influenza virus, only about 10% 
of the mice dying in 4 or 5 days. About 75%, however, showed 
fairly extensive pulmonary consolidation at autopsy. The areas of 
pulmonary consolidation were plum colored, often involving a whole 
lobe, and their gross appearance closely resembled that seen in mice 
infected with human influenza virus. The serological relationship 
to one another of the 3 strains of common cold virus was studied 
by means of protection tests in mice. Because of the relatively low 
virulence of the virus for mice some difficulties of interpretation 
were encountered. However, preliminary tests seemed to indi- 
cate that the 3 strains of cold virus were of the same serological 
type and that they differed serologically from influenza virus. Be- 
fore the tests could be repeated on a larger scale, an event occurred 
which abruptly altered the character of the investigation. A change 
had just been made to a new source of supply of Swiss mice, when 
suddenly all the strains of virus appeared to undergo a remarkable 
increase in virulence, so that 80% of all mice inoculated died in a 
few days with extensive pulmonary consolidation. This was first 
interpreted as being an increase in virulence of the virus or perhaps 
an increased susceptibility on the part of the new mice. These ex- 
planations, however, proved not to be correct since a retest with 
sera which had formerly been protective showed that they no longer 


8 Francis, T., Jr., and Magill, T. P., Proc. Soc. Exp. Biou. AND MEp., 1937, 
36, 134. 
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had any protective power. The conclusion, therefore, seemed justi- 
fable that a new virus had been accidentally encountered. 

The source of this virus was next investigated. Fifty normal mice 
of the variety in use were killed and autopsied; in 5 of these small 
areas of pulmonary consolidation were found, and in 12 others 
pin-point lesions were noted. An emulsion made from lungs show- 
ing these small lesions when passed by intranasal inoculation in a 
series of Swiss mice initiated a strain of the virus. Moreover, emul- 
sions made from lungs appearing normal on gross inspection have 
also given rise to strains of this virus when passed from mouse to 
mouse by the intranasal route. The placing of apparently normal 
mice of the same strain in close cage contact with experimentally 
inoculated mice does not result in obvious pulmonary infection of 
the healthy contact mice. To date this virus has been recovered 
from normal Swiss mice obtained from 3 different sources of supply. 

The characteristics of this virus disease are as follows: usually 
lung lesions are produced in the first series of mice to which the nor- 
mal lung suspension is administered. Deaths begin to occur in the 
inoculated mice between the fourth and seventh passages, after which 
a high mortality rate is sustained. Death often takes place 48 hours 
after inoculation, occasionally 24 hours after. The areas of pul- 
monary consolidation are frequently smooth and grayish in appear- 
ance, but are often plum colored and similar in appearance to the 
lesions produced in the lungs of mice by human influenza virus. 
Microscopic sections show extensive cellular infiltration, chiefly 
mononuclear, and varying degrees of hemorrhage and edema. The 
Virus is virulent in dilutions as high as 1:1,000,000; many mice 
inoculated with this dilution show well-developed pulmonary lesions, 
although some die without definite pulmonary consolidation. In 
general the mortality rate is considerably less with high dilutions of 
the material. The virus is readily filtrable through a Berkefeld V 
filter and collodion membrane with a pore diameter of 551.4 wov. 

The serum of a rabbit given 3 intraperitoneal injections of mouse 
lung suspension containing virus did not appear to contain protective 
substances for mice against the virus. Weak and irregular protec- 
tion was, however, obtained with certain normal human sera and 
with one anti-influenza virus serum. 

Intranasal inoculation of ferrets produced a sharp early rise of 
temperature to about 105°, followed occasionally by a secondary 
rise. At times the ferrets showed respiratory symptoms. Some of 
the ferrets when retested later were found to be refractory to a sec- 
ond inoculation, suggesting that infection is followed by immunity. 
Mice, however, were not rendered immune by subcutaneous injec- 
tions of the virus. 
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Mice are not susceptible to intracerebral, subcutaneous, or intra- 
peritoneal injections of the virus. No effect is produced in rabbits 
by injection of virus either intraperitoneally or intracerebrally. In- 
tratracheal instillation of the virus suspension in rabbits, however, 
resulted in an extensive pneumonia, mediastinitis and pericarditis. 
This infection was complicated by the presence of secondary bac- 
teria. Guinea pigs were not affected by subcutaneous injection of 
the virus. 

This short account indicates the presence in the lungs of certain 
strains of Swiss mice of a filtrable virus. This virus does not seem 
to cause obvious spontaneous disease, the carriers appearing healthy. 
There are present, however, in the lungs of a certain percentage of 
these mice easily visible macroscopic lesions. The virus seems to be 
present mainly in the respiratory tract and experimental infection 
takes place only after inoculation of the virus into the respiratory 
tract. Ferrets and perhaps rabbits are susceptible to infection with 
this virus. Subcutaneous and intraperitoneal inoculation of the 
virus does not result in infection in any of the species of animals 
used. 
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Utilization of Vitamin B, From Fullers’ Earth Adsorbates. 


J. C. KeresztTesy anp W. L. Sampson. (Introduced by A. N. 
Richards. ) 


From Research Laboratories of Merck & Co., Inc., and Merck Institute of 
Therapeutic Research, Rahway, N. J. 


We reported* our results with various methods of eluting vitamin 
B, from the international standard acid clay. The outcome of these 
experiments indicated that the vitamin on the acid clay was not 
entirely available to the test animal since the quinine sulfate extract 
was more effective than the clay itself in causing a remission of the 
symptoms of polyneuritis in rats. The experiments here reported 
were carried out to confirm those observations with a fuller’s earth 
adsorbate of the vitamin. 

One hundred cubic centimeters of a solution of crystalline vita- 
min B, containing 2500 curative doses, as determined by the Ammer- 
man and Waterman* modification of the Smith curative procedure, 


1 Sampson and Keresztesy, Proc. Soc. Exp. Bron. AND Mep., 1937, 36, 30. 
2 Ammerman and Waterman, J. Nutrition, 1935, 10, 25. 
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TABLE I. 
Rat Assay 
= 
Dose in No.of % Calculated 
Substance Quantity ec. or mg. rats cured Total doses 
1. Vit. B, solution 100 ee. 0.04ec. 11 64 2500 
2. Fullers’ earth adsorbate 22 gm. 14.0 mg. 15 73 1570 
3. Quinine extract of 2. SOS 22 SCSI aang. iit 73 2400 
4, Filtrate from F.E. 100 ee. 4) Keo, 6 0 <100 


were treated with 20 gm. of English fuller’s earth. The recovered 
fuller’s earth after careful drying weighed 22 gm. The filtrate, 
together with a portion of this fuller’s earth, was set aside for direct 
feeding to the test animals. Another portion of the earth adsorbate 
was extracted with quinine sulfate after the method of Williams, 
et al. Table I gives the results of our assay of these preparations. 

These data show that the vitamin was completely removed by the 
fuller’s earth since the spent filtrate from the adsorption was practi- 
cally devoid of vitaminic activity. When a comparison of the orig- 
inal vitamin solution with the fuller’s earth adsorbate prepared from 
it is made, it appears that some 900 doses were lost in the simple 
process of adsorption. However, the results obtained with the 
quinine sulfate extract of this fuller’s earth indicate a complete 
recovery of the vitamin. 

The fact that only about 60% of the vitamin can be accounted 
for when the activated fuller’s earth is administered directly makes 
it apparent that the vitamin B, depleted rats cannot fully utilize the 
vitamin present in preparations such as fuller’s earth adsorbates. 
This is in agreement with our results with the international standard. 
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Hepatic Excretion in the Dog Following Oral Administration of 
Various Bile Acids. 


Henry DovusiLet.* (Introduced by L. Gross.) 
From the Laboratories of the Mount Sinai Hospital, New York. 


Cholic and desoxycholic acids when administered orally to man 
in large amounts increase ljoth the volume of hepatic bile excretion 
as s well as the concentration of the bile acids." It was found that 


3 Williams, “Waterman-and Keresztesy, J. Am. Chem. Soc., 1934, 56, 1187. 
* Ralph Colp Fellow,in Physiology. 
1Doubilet, H., Proc. Soc. Exp. B1oL. AND MEp., 1937, 36, 50. 
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cholic acid was much more effective in raising the concentration of 
the bile acids in hepatic bile. Similar experiments were carried out 
in the dog. 

A common duct fistula, which drained all the hepatic bile sterilely 
into a rubber bag, was prepared in 3 female dogs. At various inter- 
vals the bags were emptied and the bile discarded after analysis. 
Pure cholic, desoxycholic, glycocholic and dehydrocholic acids, as 
well as pure ox bile salts were used. Various amounts of the bile 
acids were dissolved in equivalent amounts of alkali and adminis- 
tered to the dogs by stomach tube. The ox bile salt powder was 
mixed with milk for administration. To wash down the bile salt 
solution about 100 cc. of milk was used. In addition, collected 
canine gall bladder bile was analyzed for bile acids and an amount 
containing 8 gm. of bile acids was fed to the dogs. The dogs were 
kept on the ordinary animal room diet of oatmeal and meat scraps. 
The bile was analyzed for cholic acid, desoxycholic acid, total bile 
acids, taurine-conjugated bile acids, and glycine-conjugated bile 
acids by a method previously described.’ 

The average figures are summarized in Table I. The animals 
excreted 150 cc. of bile containing 3.37 gm. bile acids in a concen- 
tration of 2.27%. Feeding 4 gm. of cholic acid increased the con- 
centration of both cholic and desoxycholic acid. When 4 gm. of 
desoxycholic acid were administered, the concentration of cholic 
acid fell, while that of desoxycholic acid rose. When the administra- 
tion of these 2 bile acids was doubled in amount, each acid tended 
to depress the excretion of the other acid. The result was that the 
total excretion of bile acids was approximately the same, 8.79 gm. 
after cholic acid, and 8.56 gm. after desoxycholic acid. 

When 8 gm. of glycocholic acid were administered, the concen- 
tration of bile acids rose to 3.33% and 8.99 gm. of bile acids were 
excreted. Glycocholic acid was found in the bile. On administering 
8 gm. of pure ox bile salts (containing about 80% cholic and 20% 
desoxycholic acids) the concentration of bile acids rose to 3.59% 
and the total output to 11.26 gm. When only 6 gm. of ox bile salts 
were given, both the concentration and total output of bile acids were 
somewhat lower. Glycocholic acid appeared in the bile on ox bile 
salt administration. After the administration of 8 gm. dehydro- 
cholic acid, the volume of bile rose to 440 cc. but the concentration 
of bile acids was only 0.92% while the total output was 4.02 gm. 
Six gm. of dehydrocholic acid gave approximately the same results. 

The administration of 8 gm. of natural canine bile salts as found 


2 Doubilet, H., J. Biol. Chem., 1936, 114, 289. 
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in normal gallbladder bile led to the excretion of a rather small vol- 
ume of bile with a bile acid concentration of 4.44%. The total 
bile acid output was 9.92 gm. 

It has been shown by various investigators” * that the liver often 
responds to injury by the excretion of a very large volume of dilute 
bile. As the function of the liver improves, the bile becomes more 
concentrated and decreases in volume. When such an index of 
efficiency in the hepatic excretion of bile acids is used, 7. e., the 
largest excretion of bile acids in the smallest volume of bile, it would 
appear that the various bile acids used can be grouped in the follow- 
ing order of decreasing efficiency: canine bile acids, ox bile salts, 
glycocholic acid, cholic acid, desoxycholic acid, dehydrocholic acid. 

Summary, Oral administration of large amounts of the various 
bile acids to dogs with a common duct fistula indicate that, from 
the point of view of largest excretion of bile acids in most concen- 
trated form, the natural bile acids of the dog were probably the most 
efficient. Under the conditions of these experiments pure ox bile 
salts and glycocholic acid were found to be more efficient than the 
unconjugated cholic and desoxycholic acids. The natural bile acids 
(cholic and desoxycholic acids, and their various conjugated forms) 
were more effective than dehydrocholic acid. 
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Hemolytic Streptococcus Toxins and Antitoxins. VI. A Strain 
of Hemolytic Streptococcus of High Toxicogenicity. 


LrEo RANE aNpD LouisE Wyman. (Introduced by Elliott S. 
Robinson. ) 


€ 
From the Antitoxin and Vaccine Laboratory, Massachusetts Department of Public 
Health, Jamaica Plain, Mass. 


During an investigation dealing with the titration of hemolytic 
streptococcus toxins by the flocculation reaction, one strain was 
found to produce unusually potent toxin. This strain was received 
from Dr. Alice C. Evans of the National Institute of Health, who 
designated it as “Streptococcus 594”.* The interest of Doctor 

3 Walters, W., Greene, C. H., and Fredrickson, C. H., Ann. Surg., 91. 

4 Bergareche, J., Arch. de med., cir. y especialid, 1933, 36, 189. 

1 Rane, L., and Wyman, L., J. Immunol., 1937, 82, 321. 


* ««Streptococeus 594 was received from Dr. Krause of the Franz-J osefspital, 


Vienna, Austria. It was isolated from a ease of scarlet fever.’’ Public Health 
Rep., 1934, 49, 1385. 2 
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Evans in this organism was limited, however, to its phagological 
activity. 

While the Dochez NY 5 strain of hemolytic streptococcus has 
long been considered one of high toxicogenicity, we have shown that 
the toxin as usually prepared is comparable to weak diphtheria toxins 
in requiring a long period of incubation to flocculate. Only after 
concentration does it flocculate as rapidly as strong diphtheria tox- 
ins. The toxin of strain 594, on the other hand, is of such potency 
that rapid flocculation is obtained directly without concentration. 

Toxins of strain 594, with values ranging from 10 Lf to 80 Lf,f 
were prepared in a variety of infusion and infusion-free media.* 
In infusion-free media the brand and even the particular batch of 
peptone appreciably affects the Lf value. With this strain a toxin 
of higher potency is produced when purified maltose rather than dex- 
trose or dextrose plus maltose is used as the source of carbohydrate, 
a fact which may be explainable in part by the slower utilization of 
maltose. The gradual addition of the sugar as a sterile 50% solu- 
tion up to a concentration of 2% is advantageous. During the 
growth of the organism it is essential to neutralize the acid formed 
with sterile 5N NaOH added aseptically. 

When the original culture was plated out, 2 types of colonies were 
apparent. One was smooth and glistening; the other, somewhat 
rough and dull. The latter appeared to produce toxin of higher 
potency than the former. 

The toxin was lethal for chinchilla rabbits. Five cc. (180 Lf), 
given subcutaneously, killed rabbits weighing at least 5 pounds 
usually within 48 hours. With an increase in the Lf value, the M.L.D. 
was considerably lower. The rabbits could be protected by the use 
of antitoxin. Rabbits weighing about one pound were relatively 
immune and could tolerate many times the dose lethal for adult 
rabbits. Other breeds of rabbits were not as susceptible as the 
chinchilla. 

Swiss mice, ordinary albino mice, chinchilla mice, guinea pigs 
and chicks were not affected by the concentrated toxin in doses of 
1.0 cc. for the mice, 5.0 cc. for guinea pigs, 1.0 cc. for 7-8-day-old 
chicks, although 1.0 cc. was fatal to adult chinchilla rabbits. 

The crude toxin combined and rapidly flocculated with antitoxin 
prepared in horses by the injection of the Dochez NY 5 toxin 


(Table I). 
In horses the toxin has proved highly antigenic. With less than 


+1 Lf as obtained by flocculation is equal to approximately 60,000 S.T.D. as 
determined by the intracutaneous rabbit test. 
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TABLE I. 
Antitoxie Content of Horse Serums. 


Units Indicated by Flocculation of 


(245 La = area 
Concentrated Concentrated Unconeentrated 
NY 5 Toxin NY 5 Toxin 594 Toxin 
Horse No. 28.8 Lf 37.2 Lf 36 Lf 

623 230 232 225 

629 240 232 232 

633 144 146 144 

638 160 162 156 

666 113 113 112 


50 cc. of toxin (36 Lf/cc.) two horses developed over 25 units of 
antitoxin within 3 weeks. This antitoxin readily neutralized NY 5 
toxin both in vivo and in vitro. In all cases the same unit values 
were obtained with the NY 5 toxin and the homologous 594 toxin. 

Summary, The highly toxicogenic property of a strain of hem- 
olytic streptococcus is described. The general employment of this 
toxin for antitoxin production must await the results of additional 
research on the multivalency of the antitoxin. 


9361 P 


Sodium-d-Lactate Blood Clearance as a Test of Liver Function.* 


Louts J. Sorrer, D. ALFRED DANTES AND HARRY SOBOTKA. 


From the Laboratories and the Medical Service of Dr. George Baehr of the Moumt 
Sinat Hospital, New York City. 


We have described * the metabolism of sodium-d-lactate in nor- 
mal individuals and in patients with acute diffuse parenchymal dis- 
ease of the liver. The results obtained suggested the possibility of 
the use of this substance as a test for liver function. It should be 
emphasized that the metabolism of sodium-d-lactate is quite different 
from that of the racemic or the I-salt with which all previous work 
has been done. 

The test is performed before breakfast, and consists of the intra- 
venous injection of 75 mg. per kilo of body weight of a 10 to 14% 

* Aided by a Grant from the Committee on Scientific Research of the American 
Medical Association. 


1 Soffer, L. J., Dantes, D. A., Newburger, R., and Sobotka, H., Arch. Int. Med. 
In press. 


2 Soffer, L. J., Dantes, D. A., and Sobotka, H., Arch. Int. Med. In press. 
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solution of sodium-d-lactate. A control sample of blood, collected 
in fluoride, is obtained just before the injection of the salt, and 
again 30 minutes after the injection, and blood lactic acid deter- 
minations are made.* All determinations are done in duplicate. 

In normal individuals the blood lactic acid either falls below or 
remains very slightly above the control level at the end of 30 min- 
utes, whereas in patients with hepatitis there occurs a distinct delay 
in the utilization of the injected d-lactate. We consider an elevation 
of 5 mg. % or more above the control blood lactic acid level at the 
end of % hour as evidence of liver damage. 

The advantage of this test lies in the fact that it may be used in the 
presence of jaundice and thus serve in the differentiation between 
extrahepatic obstructive and non-obstructive icterus. 


TABLE I. 
Deviation of Blood Lactic Acid from Control Level 30 Minutes after Injection. 


No. of Cases Diagnosis Deviation in mg. % 


12 Normal —7.3 —l1l 414 
—5.5 —0.8 +2.1 
—44 —0.2 +3.0 
—13 405 +3.2 


6 Catarrhal Jaundice +83 +9.9 +12.2 
+9.4 +10.8 +17.6 

4 Arsphenamine Jaundice +6.3 +49.6 
+7.8 +26.1 

2 Common-Duct Obstruction Carcinoma of 

Head of Pancreas —5.5 —4.4 

a Common-Duct Stone —1.3 

3 Diabetes Mellitus —3.5 —-08 +4.4 

1 Myotonia Congenita —1.1 

1 Myasthenia Gravis —0.8 


Our limited investigations at present suggest that the results ob- 
tained with this test are not influenced by either the coincidental 
presence of diabetes mellitus or muscular disease. The conversion 
of the injected lactate is entirely dependent on the integrity of the 


liver. 
No undue reactions were observed in any of our patients. 


3 Friedemann, T. E., Cotonio, M., and Shaffer, P. A., J. Biol. Chem., 1927, 
73, 335. 
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Absorption of Iron Compounds from the Upper Part of the 
Small Intestine. 


Jupa GroeNn* anp F, H. L. Taytor. (Introduced by G. R. Minot.) 


From the Thorndike Memorial Laboratory, the Boston City Hospital, and the 
Harvard Medical School, Boston, Mass. 


The intubation technique of Miller and Abbott? * * as modified 
by Groen‘ has been used in the present investigation to study the 
absorption of ferrous, ferric, and complex iron compounds from a 
50 cm. loop of the small intestine in man. 

Each iron salt after being dissolved in 100 ml. of distilled water 
was introduced into the isolated segment of gut of a fasting subject 
in such amounts that between 80 and 100 mg. of iron were present. 

After 30 minutes the solution was aspirated and washing of both 
the blocked segment of intestine and the stomach was commenced 
and was continued for 30 minutes. 

Aliquot amounts of both intestinal contents and washings were 
analyzed for total iron by the method of Taylor and Brock.® 
When the intestinal contents contained organic debris of a nature 
that made accurate sampling impossible, the intestinal contents were 
partially digested by standing for 48 hours after mixing with an 
equal volume of concentrated sulphuric acid. 

With ferric salts (ferric ammonium sulphate, ferric chloride and 
ferric nitrate) 20 to 35% of the iron was recovered. With the fer- 
rous salts (ferrous sulphate, ferrous ammonium sulphate and fer- 
rous chloride) 60 to 76% of the iron administered was recovered. 
With ferric ammonium citrate 100% was recovered. Dr. Wilfrid 
Owles™ in this laboratory, using a 3-lumen tube and a completely 
isolated segment of intestine, obtained similar recoveries for fer- 
rous sulphate and ferric ammonium citrate, while Abbott and Mil- 
ler reported* 100% recovery with ferric ammonium citrate. If the 
difference between the amount of iron ingested and that recovered, 
were assumed to be the amount absorbed, the conclusion would be 


* Rockefeller Foundation Fellow (1935-1936). 

1 Miller, T. G., and Abbott, W. O., Am. J. Med. Sci., 1934, 187, 595. 
2 Miller, T. G., and Abbott, W. 0., Ann. Int. Med., 1934, 8, 85. 

3 Miller, T. G., and Abbott, W. O., J. 4. M. A., 1936, 106, 16. 
4Groen, Juda, J. Clin. Invest., 1937, 16, 245, 

5 Brock, J. F., and Taylor, F. H. L., Biochem. J., 1934, 28, 447. 

6 Taylor, F. H. L., and Brock, J. F., Biochem. J., 1934, 28, 442, 
11 Owles, W. H., personal communication. 
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that ferric salts were better absorbed than ferrous salts and that fer- 
ric ammonium citrate was not absorbed at all. This conclusion is 
obviously at variance with clinical observations on patients suffering 
from achlorhydria and anemia due to iron deficiency.7*° 

The possibility that the discrepancy between the amount of iron 
administered and that recovered might be explained by adsorption 
of the iron compound on the mucous lining of the intestine was 
checked by a second series of observations. The technique employed 
was the same except that following the 30-minute period allowed 
for absorption washing was continued for periods up to 3% hours. 
The washings for each half hour were collected and separately an- 
alyzed for iron. It was found that the intestine slowly yielded up 
additional amounts of iron. These additional amounts of iron coin- 
cided with the appearance in the washings of particles and filaments 
of rusty brown colored mucus, which were rich in iron. When the 
washings were continued for 3% hours 100% of all forms of iron 
were recovered. It appeared that the highly ionizable iron salts 
entered into combination or were adsorbed by the mucus, while 
ferric ammonium citrate possessing little “astringent” properties 
was not. 

Heath, et al.,°? have shown that, when iron is given with mucin 
to patients with hypochromic anemia, there is inhibition of the re- 
sponse of the patient’s blood. We thus mixed iron salts with com- 
mercial mucin prior to administration so that interaction with the 
protein could take place. When this was done the recovery of iron 
was quantitative after 30 minutes of washing. These experiments 
would suggest that the apparent absorption obtained by Owles and 
ourselves and also by Miller and Abbott* was actually due to adsorp- 
tion on the mucus of the intestinal tract. 


7 Heath, C. W., Strauss, M. B., and Castle, W. B., J. Clin. Invest., 1932, 
11, 1293. 

8 Witts, L. J., and Manch, M. D., Lancet, 1936, 1, 1. 

9 Witts, L. J., and Davidson, L. S. P., Proc. Roy. Soc. Med., 1933, 76, 607. 

10 Davidson, L. S. P., Fullerton, H. W., and Campbell, R. M., Brit. Med. J., 
1935, 11, 195. 

12 Heath, C. W., Alsted, G., Pohle, F. J., and Minot, G. R., personal communi- 
cation. 
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Effect of a Heat-Resistant Enzyme Upon the Antigenicity of 
Pneumococcl. 


ReEN& J. Dusos anp Corin M. MacLegop. (Introduced by O. T. 
Avery. ) 
From the Hospital of the Rockefeller Institute, New York. 


Rabbits immunized by the intracutaneous injection of heat-killed 
encapsulated pneumococci fail to develop the type-specific carbo- 
hydrate antibodies which result from the intravenous injection of 
the same antigen.1 An attempt was made to follow the fate of 
pneumococci injected into the skin, in the hope of determining the 
cause of this lack of type-specific antigenic response. 

Heat-killed cells of pneumococcus Type I were injected at several 
sites into the skin of a rabbit. The injected areas were excised at 
different intervals of time and films made from the tissue fragments 
were stained by the Gram technic. There was, of course, a pro- 
nounced polymorphonuclear infiltration at the site of injection. The 
pneumococci were seen to undergo a process of extracellular diges- 
tion which began within 24 hours after injection and was completed 
in 4 to 5 days; many bacteria became Gram negative before being 
engulfed by the leucocytes. These observations suggested that leu- 
cocytes produce ferments capable of attacking heat-killed pneumo- 
cocci. 

To demonstrate the existence of these enzymes, a polymorphonu- 
clear exudate was obtained by injecting aleuronate into the pleural 
cavity of a rabbit. The washed cells extracted with N/10 HCl 
yielded a soluble principle which has the property of rendering pneu- 
mococci Gram negative. Active extracts, with similar properties, 
were obtained from the organs—especially the liver, pancreas, 
spleen, and lungs—of several animal species. The same enzyme 
was also prepared from the pleural exudate from a tuberculous pa- 
tient, who developed empyema following secondary infection with 
H. influenze. 

The active enzyme present in these extracts is heat-resistant, es- 
pecially at slightly acid reactions. Its rate of activity upon pneu- 
mococci increases with temperature up to 75°C.; the range of pH 
activity lies between pH 5.5 and pH 9.5. The enzyme appears to 
be a protein which is rapidly destroyed by pepsin but is completely 
resistant to trypsin and chymotrypsin. 


1 Julianelle, L. A., J. Exp. Med., 1930, 51, 441. 
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As stated above, the purified enzymic preparation renders heat- 
killed pneumococci Gram negative, whether the bacteria are R or S 
variants, and irrespective of type-derivation. The cells, however, 
do not undergo dissolution but retain their characteristic mor- 
phology; the turbidity of the bacterial suspension is also very little 
altered. 

Following the repeated intravenous injection of heat-killed pneu- 
mococci Type I which have been digested with the enzyme, no pre- 
cipitins for the capsular polysaccharide appear in the serum, while 
these invariably occur if the untreated cells are injected. It appears, 
therefore, that the enzyme has the property of inactivating the cap- 
sular antigen of virulent pneumococci. 

The enzyme, however, does not decompose the capsular polysac- 
charide itself. In fact of all the soluble substrates tested, yeast 
nucleic acid* was the only one to be attacked by the purified prep- 
arations. A description of this reaction is presented elsewhere.’ 

It is interesting to point out that some preparations of crystalline 
trypsint and chymotrypsin? were found to exhibit a small measure 
of activity against the Gram positive structure of pneumococci and 
against yeast nucleic acid. After repeated recrystallizations, how- 
ever, the proteolytic enzymes no longer have any action upon either 
of these substrates. 
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Differentiation of Blood Groups in Dogs Based on Antigenic 
Complexes Present in the Erythrocytes.” 


DANIEL MELNICKT AND GEORGE R. COWGILL. 


From the Laboratory of Physiological Chemistry, Yale University School of 
Medicine, New Haven. 


When dogs are subjected to prolonged, intensive plasmapheresis, 
the hematocrit values tend to fall to anemia levels in spite of the 


* The authors are indebted to Dr. P. A. Levene for a sample of yeast nucleic 
acid. 

2 Dubos, R., Science, 1937. In press. 

+ The authors are indebted to Doctors J. H. Northrop and Dr. M. Kunitz for 
supplying several samples of crystalline trypsin and chymotrypsin. 

* The expenses of this investigation were defrayed by a grant from the Re 
search Fund, Yale University School of Medicine, and by an Alexander Brown 
Coxe Fellowship Grant. 

+ Alexander Brown Coxe Fellow, 1936-37. 
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reinjection of the cells removed in the bleedings of the previous days. 
To compensate for this destruction of erythrocytes im vio, it 1s 
necessary to inject periodically red blood cells obtained from donor 
animals. Although dogs are generally compatible with each other 
as regards blood transfusions’ and this is evidenced by successful 
initial injections of cells, subsequent transfusions may create a sens!- 
tization which renders the donors incompatible thereafter.** The 
development of isoagglutinins and isohemolysins results in the pro- 
duction of an intense hemoglobinuria; the continuation of the cell 
infusions, spaced from 7 to 10 days apart, is followed by symptoms 
of profound shock. 

It was suggested*® that the development of this incompatibility is 
due to a common mechanism—a sensitization induced in the recip- 
ient by repeated injections of an antigen in the red blood cells of the 
donor. The evidence for this belief may be summarized as follows: 


(1) The clinical picture of the reaction obtained in our dogs is 
characteristic of anaphylactic shock in that species. 

(2) With the lapse of time (5 to 10 weeks) there is a restoration 
of compatibility. However, in this condition the sensitiveness may 
easily be made manifest again within one week by injection of the 
antigen. 

(3) The incompatibility is ‘one-sided’ in that the sera of the 
recipients agglutinate and hemolyze the cells of the donors, whereas 
cells of the recipients are compatible with the sera of the donors. 

(4) The incompatibility can be passively transferred to a nor- 
mal non-sensitized dog. 

(5) Finally, the sensitized animals when in shock respond imme- 
diately and favorably to the intracardiac administration of adrenalin. 

When the sera of the sensitized dogs were subjected to micro- 
agglutination tests im vitro, employing the cells of 36 dogs chosen 
at random, we noted that approximately 50% of these animals were 
incompatible with the sensitized dogs although none of the entire 
group had ever served as donors. This incompatibility, which 
proved to be independent of breed or sex in our series of animals, 
is probably due to these particular dogs having an antigenic make-up 
in their red blood cells similar to that of the original donors. To 


1 Wiener, A. S., Blood Groups and Blood Transfusion, Springfield, Ill., Charles 
C. Thomas, 1935. 

2 Ottenberg, R., Kaliski, D. J., and Friedman, S. S., J. Med. Res., 1913, 28, 141. 

3 Melnick, D., Burack, E., and Cowgill, G. R., Proc. Soc. Exp. Bion. AND MEp., 
1936, 33, 616. 

4 Wright, A., Proc. Soc. Exp. Biou. aND MEp., 1936, 34, 440. 

5 Melnick, D., and Cowgill, G. R., Am. J. Physiol., 1937, 119, 70. 
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facilitate discussion the symbol, a, has been assigned to that group 
still compatible with the sensitized dogs; the symbol, f, to the in- 
compatible group. 

Five dogs of the compatible group, a, were subsequently employed 
as blood donors, enabling us to continue our studies of serum pro- 
tein regeneration. Two of the sensitized dogs (a dogs) have re- 
ceived to date from these donors a total of 38 infusions of red blood 
cells, spaced for the most part 7-14 days apart. No evidence of an 
incompatibility subsequent to these injections has been observed, 
nor has the appearance of any agglutinins for the cells from these 
donors been noted. The non-development of antibodies for these 
cells after the numerous infusions indicates that the present donors 
will remain compatible with the sensitized dogs. Apparently these 
donor animals have an antigenic grouping in their red blood cells 
similar to that of the recipients. 

We are now in a position to report further observations on blood 
grouping in dogs by carrying out experiments which are essentially 
the reverse of those described above. These were made in the 
course of our present investigations of serum protein regeneration. 

Dog No. 3, described in a previous communication* and a member 
of the a group, received 150 cc. of cells obtained from an animal 
previously demonstrated to be a member of the incompatible (8) 
group. Within the following week marked agglutination in vitro 
was noted when cell suspensions of this donor were added to the 
sera of the recipient. This sensitized animal has been used as an 
indicator to enable us to group satisfactorily all dogs used in our 
subsequent studies. 

Three dogs of the 8 group, this time acting as recipients, have 
received 16 injections of cells from 4 donors of the 8 group without 
developing any signs of an incompatibility. One of these animals 
actually received a total of 11 cell infusions. Micro-agglutination 
tests also indicated the complete absence from the sera of these re- 
cipients of agglutinins for cells of the 8 group. Apparently all of 
these dogs, members of the 8 group, possess the same antigenic com- 
plex in their red blood cells. These results are analogous to those 
obtained when both recipient and donor were of the a group. 

Four dogs of the 8 group were subjected to 35 cell injections 
from 5 animals of the a group with no untoward effects being mani- 
fest. The sera of the recipients were also observed to contain no 
agglutinins or hemolysins for the cells of the donors. These find- 
ings are in direct contrast to those noted when conditions were 
reversed, namely, when the recipients were members of the a 
group and the donors of the 8 group. Apparently the erythrocytes 
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of dogs of the £ group possess all of the antigenic groupings present 
in the cells of animals of the a group and in addition contain some 
other complex which may act as a foreign body when injected into 
dogs only of the a group. Therefore, if it is true that 50% of the 
dogs belong to either the a or 8 group and if these are the only 2 
groups present in that species, it follows that there is only one chance 
out of 4 that an incompatibility will occur when a dog is subjected 
to repeated infusions of red blood cells from a donor animal. This 
is obvious when reference is made to the table which summarizes 
our findings. It may be for this reason that in Whipple’s labora- 
tory,* where animals were subjected to repeated injections of ery- 
throcytes from a group of donor animals, hemoglobinuria and shock 
were observed with some of the dogs whereas others received simi- 
lar exchanges of red cells from the same group of donors without 
untoward effects. 


TABLE I. 
The Results of Repeated Injections of Red Blood Cells into Dogs. 


Blood Group of 


ZZ tae ee 
Donors Recipients Results 
B a Blood incompatibilities develop in recipients 
a a Dogs remain compatible. 
B B 2) 2) em, 
a B le) be) a) 
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Respiratory Effects of Substituted Phenols at Varying Carbon 
Dioxide Tensions. 


M. E. Kranz, A. K. KettcH anp G. H. A. CLowgs. 


From the Lilly Research Laboratories, Indianapolis, Indiana, and the Marine 
Biological Laboratory, Woods Hole, Mass. 


During a study of the reversible inhibition of cell division which 
is produced in fertilized marine eggs by certain nitro and halo- 
phenols” * the CO, tension was found to be a significant factor in 
the degree of inhibition attainable. The respiratory effects of sub- 
stituted phenols were then measured on cells which were exposed 
to a gas phase containing oxygen and CO, in various ratios. 


1 Clowes, G. H. A., and Krahl, M. E., Science, 1934, 80, 384. 
2 Clowes, G. H. A., and Krahl, M. E., J. Gen. Physiol., 1936, 20, 145. 
3 Krahl, M. E., Clowes, G. H. A., and Taylor, J. F., Biol. Bull., 1936, 71, 400. 
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The manometric techniques of Warburg (direct method) and of 
Dickens and Simer (second method) were employed.‘ Fertilized 
eggs of the sea urchin (Arbacia punctulata) and a baker’s yeast 
(Anheuser-Busch) served as material. The egg experiments were 
made at 20°C., using sea water as the suspension medium. This 
was 0.002 molar in bicarbonate. The yeast experiments were made 
at 25°C., using a suspension medium 0.1 molar in glucose and 0.004 
molar in bicarbonate. 

When the oxygen consumption of either type of cell is plotted 
against the logarithm of the concentration of a stimulating substi- 
tuted phenol, the curve rises nearly linearly until an optimum is 
reached; beyond this optimum concentration the oxygen consump- 
tion falls rapidly, nearly to zero. Cell division in the fertilized eggs 
is inhibited by those concentrations of the reagent which give the 
falling portion of the oxygen consumption curve.” ° 

With fertilized sea urchin eggs in 4,6-dinitro-o-cresol a change 
in the partial pressure of CO, from the usual atmospheric level, 
about 0.0005 atmospheres, over a range of tensions up to 0.02 at- 
mospheres, has little effect on the position of the rising portion of 
the oxygen consumption curve. The falling portion of the oxygen 
consumption curve is displaced to a lower range of concentrations 
of the 4,6-dinitro-o-cresol; the respiratory optimum concentration 
decreases from 8 x 10° to 10° molar; and the number of units of 
excess oxygen consumed at this optimum decreases with rising CO, 
partial pressure. In 0.02 atmospheres CO, the oxygen consumption 
of the eggs, without the substituted phenol, is 0.68 cmm. per hour 
per mg. eggs (dry weight) as compared with the value of 1.7 in 
the absence of CO;. Hence, while the rate of oxygen consump- 
tion of eggs in normal sea water is sensitive to increase in CO, partial 
pressure, the oxygen consumption of eggs in concentrations up to 
10° molar 4,6-dinitro-o-cresol is, in great measure, independent of 
the changes in CO, partial pressures up to 0.02 atmospheres. 

With yeast in 4,6-dinitro-o-cresol, increase in CO, partial pressure 
from 0.05 to 0.15 atmospheres causes little or no shift in the rising 
portion of the oxygen consumption curve, a marked displacement of 
the falling portion to lower concentrations, and a decrease in the 
optimum value of Qox. 

With yeast in 2,4-dichlorophenol, increase in CO; partial pressure 
from 0.05 to 0.15 atmospheres causes a considerable shift of the 
rising portion of the oxygen consumption curve to a higher range 


4 Dixon, M., Manometric Methods, Cambridge University Press, 1934. 
5 Krahl, M. E., and Clowes, G. H. A., J. Gen. Physiol., 1936, 20, 173. 
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of concentrations and only a very small shift in the falling portion 
of the curve. 

Increasing CO, tension produces a tendency toward increase in 
intracellular hydrogen ion concentration.® The pH effects dealt 
with here are primarily on the cell interior and therefore to be dis- 
tinguished from those obtained by Field,’ who was chiefly concerned 
with changes in extracellular pH. 

At the ionic strengths used here 4,6-dinitro-o-cresol has a pK’ of 
about 4.4;° 2,4-dichlorophenol a pK’ of about 7.7.° Thus at the 
normal intracellular cytoplasmic pH of about 6.5 to 7.0, 4,6-dinitro- 
o-cresol is almost completely in the dissociated form, while 2,4-di- 
chlorophenol is chiefly in the undissociated form. In the first 
case, rising intracellular acidity produces a small relative change 
in the concentration of phenol anion and a large relative change 
in the concentration of undissociated phenol. In the latter 
case the situation is reversed. The probable effects of increased 
CO, tension on intracellular ionization of these substituted phenols 
in an interior aqueous phase thus appear to parallel the effects of 
CO, on the oxidative stimulating properties of these substances. 

2,4,5-trichlorophenol occupies a middle position between 2,4-di- 
chlorophenol and 4,6-dinitro-o-cresol in respect to the influence of 
CO, on its respiratory effect. The pK’ of 2,4,5-trichlorophenol is 
also intermediate between those of 2,4-dichlorophenol and 4,6-dini- 
tro-o-cresol, being about 6.9.° 

These experiments appear to provide some indication that oxida- 
tive stimulation may be favored by high intracellular concentra- 
tions of the dissociated form, while inhibition of oxidation and re- 
versible block to cell division may be favored by high intracellular 
concentrations of the undissociated form of the substituted phenols. 


6 Jacobs, M. H., p. 97 in Cowdry, E. V., General Cytology, Chicago, University 
of Chicago Press, 1924. 

7 Field, J., 2nd., Proc. Soc. Exp. Brot. AND Mep., 1935, 32, 1342. 

8 Krahl, M. E., and Clowes, G. H. A., unpublished experiments. See also Field, 
reference 7, for a slightly higher value for 4,6-dinitro-o-cresol. 

9 International Critical Tables, New York, McGraw-Hill, 1929, Vol. VI, p. 271. 
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Effect of Adrenotropic Extract upon the Accessory Reproductive 
Organs of Castrated Rats. 


CuHartes S. Davipson. (Introduced by J. B. Collip.) 
From the Department of Biochemistry, McGill University, Montreal. 


A preliminary report* has been published concerning the effect of 
adrenotropic extracts of the pituitary upon the secondary sexual 
characteristics of castrate young male rats. Additional experiments 
confirming and enlarging upon this work are herein reported. 

Enlargement of the prostate and seminal vesicles of young male 
castrates, associated with adrenal enlargement produced by treat- 
ment with adrenotropic extract, has been noted in this laboratory. 
The interpretation that the enlargement of the prostate and seminal 
vesicles depends upon the adrenal stimulation is supported by the 
additional experiments reported here. 

1. Effect of Adrenotropic Extracts upon Castrate Males. 
Twenty-three-day-old male rats were castrated and allowed to rest 
for 5 days. On the sixth day injections of adrenotropic extract 
were begun and continued for 9 days, approximately 50 units being 
administered daily. The following day the animals were killed, the 
adrenals were weighed, and the prostates and seminal vesicles were 
weighed together. Tissues were fixed immediately and histological 
examination subsequently made. 

Twelve animals, castrated and killed 15 days later, served as 
controls. The adrenal weights averaged 17 mg. (13-19 mg.) and 
the weights of the prostate and seminal vesicles averaged 39 mg. 
(28-47 mg.). Normal animals of the same age have adrenals of 
about 16 mg. and prostate and seminal vesicles averaging 100 mg. 
(82-128 mg.). In the experimental group the adrenal weights 
averaged 53 mg. (40-61 mg.) and the prostate and seminal vesicle 
weights averaged 56 mg. (50-63 mg.). 

The enlargement of the prostate and seminal vesicles is definite. 
Histological examination showed marked repair of the prostate 
from the castrate level. The seminal vesicles showed little histo- 
logical change, but were definitely larger than in the controls. 

2. Effect of Adrenotropic Extracts upon Hypophysectomized 
Castrate Males. It has been known for some time that many non- 
specific substances (foreign proteins, drugs, etc.) produce an en- 


1 Davidson, C. S., and Moon, H. D., Proc. Soc. Exp. Bion. AND MEp., 1936, 
35, 281. 


704 ADRENOTROPIC EXTRACT IN CASTRATED RATS 


largement of the adrenals. However, it is quite clear that only 
pituitary adrenal stimulating extracts are effective in the hypophysec- 
tomized animal.? It was felt necessary, therefore, to attempt to 
produce the secondary sexual changes in hypophysectomized cas- 
trated rats, to eliminate any non-specific effect of the extract. 

Eighteen males were castrated at 30 days of age. Four days later 
they were hypophysectomized. Seven were then reserved as controls 
and the remaining 11 injected twice a day for 14 days with approxi- 
mately 25 units of adrenotropic extract. On the 15th day (48 days 
old) the animals were killed, organs weighed and fixed. Hypophys- 
ectomy was complete in all cases. 

The results summarized in Table I show a marked increase in 
weight of the prostate and seminal vesicles. Histological evidence 
again showed the typical changes in the prostate, much less so in the 
seminal vesicles. 


TABLE I. 
Prostate and Seminal 
Adrenal Weights Vesicle Weights 
ing. mg. 

ot. ae ta PST EO ERE, ED Re eS 

Experimental Controls Experimental Controls 
81 9 85 46 
69 9.5 104 39 
51 9 60 38 
64 10 67 41 
71 13 73 40 
83 9 87 37 
83 8 94 37 
86 84 
57 84 
61 64 
56 65 

Aver. 67 9.5 72 40 


The enlargement of the adrenals is to be noticed. Normal adrenal 
weights, in our colony, for animals 48 days old are between 25 and 
30 mg. The enlargement here in the hypophysectomized animals is, 
therefore, to more than twice the normal weight. The enlargement 
is confined to the cortex, except that the vacuoles sometimes seen in 
the adrenal medulla of the hypophysectomized rat are absent. In 
fact, the medulla presents, on the whole, a much more normal ap- 
pearance than the control. The cortical enlargement appears to be 
confined chiefly to cellular enlargement ; no evidence of hyperplasia 
is to be seen. 


2 Collip, J. B., Anderson, E. M., and Thomson, D. L., Lancet, 1933, Aug. 12, 
p. 347. 
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Half the animals were injected subcutaneously and the others in- 
traperitoneally. No differences in effectiveness of the extracts ad- 
ministered by these 2 routes were noted. 

3. Effect of Adrenotropic Extracts upon Castrated Adrenalecto- 
mized Males. To show that the effect of the adrenotropic extracts 
is through the adrenals and not a direct effect of the extract on the 
prostate and seminal vesicles, a series of adrenalectomized animals 
were treated with the extract. Fifteen 23-day-old males were cas- 
trated and adrenalectomized 2 to 5 days later. Eight were then 
injected for from 5 to 9 days with adrenotropic extract. Organ 
weights are shown in Table II. These results show that the effect 


TABLE II. 


Prostate and Seminal 
Vesicle Weights 
mg. No. of days treated 


w 
bo 
OOOOMADNUYN 


Aver. 37 
Controls averaged 40 mg. (35-45 mg.). 


of adrenotropic extracts on the secondary sex organs is through the 
adrenals, and does not occur in their absence. 

Summary. 1. The effect of adrenotropic extracts of the pituitary 
upon the prostate and seminal vesicles of castrate young rats, pre- 
viously reported, has been confirmed. 2. The response may be 
elicited in hypophysectomized animals. 3. The adrenotropic extract 
is without effect in adrenalectomized castrated rats. 4. The adreno- 
tropic extract used causes marked enlargement of the adrenal cortex 
in normal animals, and not only prevents the adrenal atrophy fol- 
lowing hypophysectomy but enlarges the cortex to more than twice 
the normal size. Some changes in the medulla of the adrenal are 
also reported. 
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Substitution of 8-Alanine, Nicotinic Acid, and Pimelic Acid for 
Meat Extract in Growth of Diphtheria Bacillus. 


J. Howarp MUELLER. 


From the Department of Bacteriology and Immunology, Harvard Medical School, 
Boston, Mass. 


In the course of studies extending over several years, the attempt 
has been made to define chemically the requirements of certain strains 
of diphtheria bacilli, which would permit growth equal or superior 
to that occurring on the usual peptone-infusion broth. This has been 
accomplished, as regards the peptone portion, for some of the 
strains, by means of amino acids* and certain differences and simi- 
larities between strains have been brought out. 

An investigation of the extractive portion of the medium, abso- 
lutely essential for growth with all our strains, has led to the recog- 
nition that at least 3 substances are required by 2 strains. These 
are B-alanine, nicotinic acid, and pimelic acid. For a third strain 
the pimelic acid can be omitted. Omission of either B-alanine or 
nicotinic acid reduces the amount of growth practically to nil in the 
case of all 3 strains. 

The quantities required to produce maximal effect are of the 
order of one microgram per cc. for B-alanine and nicotinic acid, 
and about 0.025 microgram per cc. for pimelic acid. 

Pimelic acid apparently has not before been encountered in biolog- 
ical systems. The presence in liver-extracts of an ether-soluble 
acid-substance, from which a methyl ester could be prepared and dis- 
tilled either i vacuo or at atmospheric pressure was first established. 
A better source of material having the same growth-stimulating and 
chemical properties was found in cows’ urine. From 100 gallons 
of this material 0.6 g. of crystals proving to be pimelic acid were 
obtained. Details of this work are now in press.” 

From a liver-extract concentrate representing 300 kg. of liver, 
about 10 mg. of crystals showing the desired growth-promoting 
property were obtained, and identified as nicotinic acid. Identification 
was facilitated by knowledge of Knight’s*® recent findings in connec- 
tion with the effect of this substance on growth of the staphylo- 
coccus. 

The third factor, B-alanine, has not actually been isolated from 
J. Bact., 1935, 30, 525. 


2 Mueller, J. H., J. Bact. and J. Biol. Chem. In press. 
3 Knight, B. C. J. G., Nature, 1937, 189, 628. 
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liver-extract. The fraction containing the activity appeared to pos- 
sess both COOH and NH; groups in equivalent proportions. Since 
a complete casein-hydrolysate was used in the control medium, 
B-alanine suggested itself as a possible component of the mixture 
and trial showed it to have practically the full effect of the liver- 
extract fraction. This compound, also, has previously been shown 
by Williams* to be of importance in the growth of certain yeasts, 
functioning as a part of the “bios” complex. 

It is probable that other substances present in tissue-extract will 
increase somewhat the amount of growth of our test organisms. 
Thus, with the use of a complete tissue-extract, from 3.5 to 4.0 mg. 
of bacterial nitrogen are produced on 10 cc. of medium in 3 days’ 
growth. On the same control base with the above 3 substances re- 
placing the extractives, from 2.2 to 2.9 mg. of nitrogen are obtained, 
The usual peptone-infusion broth produces from 1.0 to 2.0 mg. 

The following type-experiment illustrates the relative effect of 
the 3 substances on 3 strains of C. diphtherie—the National Insti- 
tute of Health and the Alabama State Health Department’s strains 
of the Park-Williams No. 8, and the “Allen” strain, isolated locally 
2 years ago. 

The relative amounts of growth are estimated by Arnolding 10 
minutes, centrifuging and washing the organisms, and determining 


TABLE I. 
Mg. Bacterial Nitrogen 
N.I.H. Ala. ‘* Allen’? 
Composition of Medium Park 8 Park 8 strain 
1, Control* + ————— 07 .06 .08 
2. oe + pimelic acid ly (1) (lost, very low) 04 10 
3. 22 + nicotinic acid 107 (2) 02 04 21 
4, i + g-alanine 10y7 (3) .10 .06 .08 
5. oe, + (1) + (2) amounts .08 .00 .25 
6 4 + (1) + (38) as .08 07 .10 
7 3 + (2) + (8) above .66 1.99 64 
8 a2 + (1) + (2) + (8) 2.32 1.86 2.24 
*The control had the following composition: 
Casein—HCl hydrolysate 10 gm. 
Cystine AOR ee 
Glutamic acid Alexi) 7 
Lactic acid (as Na salt) ail ee. 
Salt mixture: NaCl .050 gm. 
NapgHPO,.2H,20 OZ Oras 
KH»5PO4 0035 ”’ 
MgCl, . 6H,0 AOR) 


In addition, the controls for the Park 8 strain contained 1.0 mg. tryptophane and 
0.05 ce. ethyl alcohol. Quantities given are for 10 cc. of medium. The pH is 
adjusted to 7.4-7.6, the tubes autoclaved at 10 lbs. for 10 minutes, inoculated with 
a small loopful of pellicle from an 18 to 24-hour broth culture and incubated in a 
slanted position at 34°C. for about 60 hours. 


4 Williams, R. J., and Rohrman, E., J. Am. Chem. Soc., 1936, 58, 695. 
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the nitrogen of the sediment by microkjeldahl as previously de- 
scribed.° 

Increasing slightly the concentrations of nicotinic acid and 
B-alanine improves the growth somewhat, but one or more additional 
substances evidently must be supplied for maximal growth. 

Conclusions. Minute amounts of nicotinic acid, B-alanine, and 
pimelic acid, present together, permit about two-thirds the maximal 
growth of the diphtheria bacillus obtained from whole tissue extracts 
when added to a suitable control medium. The pimelic acid appears 
to be the least essential of the three. Differences appear between 
strains, even of the Park 8 organism, which may well be multiplied 
when further strains are examined. 
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The Antigonadotropic Factor. Origin and Preparation. 


BERNHARD ZONDEK AND FELIX SULMAN. 


From the Laboratory of the Obstetrical-Gynecological Department, Rothschild- 
Hadassah Hospital, Jerusalem. 


One of us* pointed out the fact that in rodents the gonadotropic 
effect diminishes if prolan from human pregnancy urine is applied 
in a protracted manner. Since that time the phenomenon has been 
repeatedly studied. Collip, Selye, et al.,? explained this as being 
due to the effect of antihormones, and succeeded in proving in the 
test-tube experiment the antisubstances against the hormones. 

Proof of the presence of an antigonadotropic factor can be fur- 
nished only by the impairment of the gonadotropic reaction in 
rodents. As shown by our experiments® proof of the antigonado- 
tropic factor by serological methods is not obtainable, pure prolan 
not forming any precipitins or complement-fixing antibodies. The 
sera of experimental animals which had been “immunized” with 
pure prolan over a period of more than 2 months do not show any 
serological reaction ; they evince, however, a highly antigonadotropic 
erect: 

5 Mueller, J. H., J. Bact., 1935, 29, 383. 

1 Zondek, B., Hormone d. Ovariums u. d. Hypophysenvorderlappens, Berlin and 
Vienna, J. Springer, 1st ed., 1931, p. 159; 2nd ed., 1935, p. 272. 

2 Collip, J. B., Selye, H., et al., Proc. Soc. Exp. Bron. AND Mzp., 1934, $1, 487, 
566, 1113; 1935, 32, 544. 

3 Sulman, F., J. Exp. Med., 1937, 65, 1. 
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The titration of our antigonadotropic sera was performed exclu- 
sively by impairing the production of the anterior pituitary reac- 
tions (HVR) in rodents. 0.5 cc. of an antigonadotropic serum 
or the corresponding amount of an antigonadotropic dry powder 
solution (see below) was mixed with prolan (the latter in increas- 
ing amounts), filled up to a total volume of 4 cc., placed in the incu- 
bator for 2 hours and finally injected into the experimental animals, 
infantile female rats 3-4 weeks old, weighing 25 to 30 gm. They 
were injected 4 times (if there were more than 4 cc. of the injec- 
tion fluid, 6 times) at equal intervals (12 hours), spread over 36 
hours. Sixty hours after the first injection we began with the 
vaginal smears, at intervals of 12 hours. One hundred and twenty 
hours after the first injection the animals were killed and ovaries 
and uteri examined. 

One prolan rat unit is known to be the smallest amount of pro- 
lan able to produce the anterior pituitary reactions (HVR) I, II or 
III, in infantile female rats (Zondek*). We define as one prolan 
anti-unit (PAU) the smallest amount of the antigonadotropic fac- 
tor able to prevent the anterior pituitary reactions (HVR) I, II or 
III, according to the above experimental order. 

For the quantitative titration of the prolan the anterior pituitary 
reaction (HVR) I, 7. e., the bringing about of oestrus, is especially 
fitted. We hold that this method for the quantitative determination 
of the units is much more exact than the record of the mere increase 
in weight of the ovary. According to our experiments the weight 
increase is not in proportion to the prolan units and is not such a 
precise indicator as the oestrus reaction (HVR 1). We applied as 
a minimum per rat 10 RU of prolan, which, in our control-experi- 
ments, always produced HVR I, II or III; but if the substance was 
added to an effective antigonadotropic serum these reactions were 
not obtained in any case.* 

In a few cases we performed the titration of the antigonado- 
tropic serum in mice and rabbits as well. These animals, however, 
cannot be compared with the rat for exactitude of the reaction, the 
latter being an especially sensitive and exact indicator for prolan A. 

The antigonadotropic factor has its origin in the blood and is 
found especially in the serum. We can obtain it by repeated treat- 
ment of the experimental animals, the application of high doses of 


*The rat test can be performed proceeding with simultaneous or subsequent 
single or repeated applications of prolan and antiprolan. (Details will be given 
in a later report.) Antiprolan may be given a long time before or even after 
prolan, but, from reasons of principle, we kept to the 2 hours-incubator-contact- 


method in vitro. 
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hormone does not seem to be as important as the daily repetition of 
the treatment with gonadotropic hormone. For preparation of the 
antigonadotropic factor we usually used the blood of rabbits, less 
frequently that of rats. In the rat we could observe the formation 
of the antigonadotropic factor following a prolonged application 
(twice a week subcutaneously ), however the titre did not become 
very high. If we treated rats in this manner for one year twice 
weekly with 100 RU of prolan respectively after close of the treat- 
ment we still could observe swollen follicles and fresh corpora lutea, 
which is not obtainable, as is well-known, by daily treatment with 
gonadotropic hormone (Evans, Zondek). 

Rabbits which were injected with 250 RU prolan 4 times a week 
subcutaneously and twice a week intravenously showed 2 months 
later underweight, atrophic, diffusely luteinized ovaries. The curve 
of the blood titre was approximately as shown in Table I. 


TABLE I. 
Duration of treatment Titre per cc. of serum 
weeks PAU 
4 10t 
6 20 
8 80 
12 100 
20 120 
26 150 


+1 PAU = 1 prolan anti-unit (see above). 
N.B. At least 10 units must be assayed in a test rat. 


It is necessary to have an exactly titrated antigonadotropic factor 
always in stock and to be in a position to preserve and concentrate 
it. For that reason we worked out the following method: The serum 
to be examined is poured into 4 times its volume of acetone, whereat 
a finely flaked precipitation forms. The precipitate is instantly 
freed from the supernatant fluid on a Buchner or Seitz filter; after 
that it is washed 3 times with acetone, while being constantly stirred 
and withdrawn by suction, and finally washed again 3 times with 
ether. For 5 minutes air is drawn through the filter, until the pre- 
cipitate is absolutely dry. The resulting fine rose-colored powder 
is preserved under vacuum in the exsiccator, and there it is preserv- 
able at least for 6 months. The loss of titre along with the pre- 
cipitation of the serum is relatively small, about 10%. In general, 
one cc. of the serum produced 50-70 mg. of dry powder; (one 
mg. = 1-2 PAU). The latter is easily soluble in distilled water, in 
slightly acid and slightly alkaline buffers as well as in diluted acetone 
and alcohol. It is of importance that the precipitate results as a 
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very fine-grained one, coarse-grained serum powder being very slowly 
and not completely soluble. 

The antigonadotropic factor was further concentrated by salting 
out procedures with saturated ammonium sulphate solution (SAS). 
Using serum or adequate solutions of acetone dry powder in dis- 
tilled water (60 mg. in one cc.) we were able to precipitate the 
antigonadotropic factor almost quantitatively at 48% SAS (pseudo- 
globulin fraction). The fractions below this concentration were 
found to contain only slight amounts of the antigonadotropic factor. 
Using a more concentrated solution of the antigonadotropic factor 
(60 mg. dry powder in 0.5 cc.) we were able to precipitate it 
already in the globulin fraction at 28.6% SAS. 

In analogy to the preparation from the blood we used the follow- 
ing method to determine the content of the antigonadotropic factor 
in the tissues: The tissues were cut into very small pieces, pounded 
in a mortar with sea-sand, and finally extracted in the shaking- 
machine for 4 hours (after addition of 10 times the amount of dis- 
tilled water). After being centrifuged, the dim rose-colored viscid 
extract was filtered and then precipitated with 4 times the volume of 
acetone. The precipitate is washed 6 times with acetone, while 
constantly being stirred on a Buchner or Seitz filter, then dried 3 
times with ether, and finally air is drawn through for 5 minutes. The 
resulting fine white powder is placed into the exsiccator over night 
and is once more extracted on the following day. The extraction takes 
half an hour respectively in the shaking-machine; at first 4 times 
with distilled water, then twice with an alkaline glycocoll-buffer 
(pH = 9.6) and finally twice with an acid glycocoll-buffer (pH = 
3.5). After having combined these extracts we have a clear brown- 
ish solution, which may be reprecipitated into a fine-grained acetone 
dry powder. As mentioned above in connection with the serum, 
this powder is easily and completely soluble in any required amount 
of distilled water. 

Urine was assayed as well by means of this concentration method 
for its content of antigonadotropic factor. 

We studied the following organs as to their capacity of forming 
and storing antihormone: ovaries, testes, liver, spleen, musculature, 
urine. The results obtained were as follows: 

The serum of a rabbit treated daily with 250 RU prolan for 26 
weeks had a maximal titre of 150 PAU per cc. 

Liver, spleen and musculature of the experimental animal con- 
tained nothing of the antigonadotropic factor. 

The urine of the experimental animal contained nothing of the 
antigonadotropic factor. 
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Castrated male and female rabbits formed the antigonadotropic 
factor in their blood in the same manner as normal animals. 
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The Antigonadotropic Factor. Species Specificity and Organ 
Specificity. 


BERNARD ZONDEK AND FELIX SULMAN, 


From the Laboratory of the Obstetrical-Gynecological Department, Rothschild- 
Hadassah Hospital, Jerusalem. 


There are contradictions to be found in literature as to the speci- 
ficity of the antigonadotropic factor. Bachmann, Collip and Selye,* 
Fluhmann,? Meyer and Gustus,* Brandt and Goldhammer,* Twom- 
bly,’ Sulman,® Thompson,’ hold that the species specificity of the 
antigonadotropic factor is proved. Gegerson, Clark and Kurzrok,° 
Rowlands,® Parkes and Rowlands,” however, presented evidence 
against the species specificity. Recently Collip** reported similarly. 
However, the latter workers had other test objects (inhibition of 
ovulation in the mated rabbit or of the oestral cycle in the normal 
rat) than the former,** and than we did. Fluhmann,’ Brandt and 
Goldhammer,* Gegerson, Clark and Kurzrok,* Parkes and Row- 
lands” are opposed to the presence of an organ specificity. Selye, 
Collip and Thompson,” however, favor it. To investigate this we 
performed the following experiments. We used the technique de- 
scribed in our first report,”* that of the exact titration of the gonad- 
otropic hormone against adequate amounts of the antigonadotropic 
factor in infantile female rats and mice. 


1 Collip and Selye, Proc. Soc. Exp. Biov. anp Mmp., 1934, 32, 544. 

2Fluhmann, Proc. Soc. Exp. Bio. anD Mup., 1935, 82, 159%; Am. J. Obst. 
Gynec., 1935, 30, 584. 

3 Meyer and Gustus, Science, 1935, 81, 208. 

4Brandt and Goldhammer, Z. f. Iiwmunitaetsforschung, 1936, 88, 79. 

5 Twombly, Endocrinology, 1936, 20, 311. 

6 Sulman, J. Hap. Med., 1937, 65, 1. 

7 Thompson, Proc. Soc. Exp. Bron. AND MeEp., 1937, 35, 634. 

8 Gegerson, Clark and Kurzrok, Proc. Soc. Exp. Bion. AND MeEp., 1936, 35, 193. 

9 Rowlands, Proc. Roy. Soc. London, 1937, B, No. 824, 121, 517. 

10 Parkes and Rowlands, J. Physiol., 1936, 88, 305; Lancet, 1937, p. 924. 

11 Collip, Canad. Med. Assoc. J., 1987, 86, 199. 

12Selye, Collip and Thompson, Proc. Soc. Exp. Bion. anp Mep., 1934, 81, 
487, 566. 

13 Zondek and Sulman, Proc. Soc. Exp. Biot. anp Mzp., 1937, 36, 708. 
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While studying the species specificity and organ specificity it was 
essential to pay attention to the minimal and maximal values. We, 
therefore, thoroughly titrated maximal amounts of the antigonado- 
tropic factor (50-100-200 PAU or PSAU*) against minimal 
amounts of such gonadotropic factor foreign to the species or to 
the organ, (1-5-10 RU). In control experiments we confirmed the 
titre of the gonadotropic and that of the antigonadotropic factor. 
The results are shown in Table I. 

Table I shows (Experiments 1 and 4) that the antigonadotropic 
sera are active against the gonadotropic preparation used for the 
preliminary treatment. In contrast to this 200 PSAU (Experiment 
No. 6) cannot inactivate one RU of gonadotropic hormone from 
another species, 7. e., an antigonadotropic serum has less than 0.5% 
of its effectiveness if used against a heterologous gonadotropic 
factor. 

In further experimental series (Table II) we studied the organ 
specificity of human gonadotropic hormone derived from a different 
starting material (urine, blood, pituitary). In Table II we find 
unmistakably the explanation of the extent of the organ specificity 
of the antigonadotropic factor. The effectiveness of the preg- 
nancy-urine-prolan “antiserum” against the homologous “antigen” 
is demonstrated in Exp. 1. Exps. 2 and 4 show that the effectiveness 
of this “antiserum” against blood prolan or pituitary prosylan of 
the same species amounts to only about 7% of its titre against 
pregnancy-urine-prolan; 7. e., compared with the strict species speci- 
ficity there is only a relatively high organ specificity. It was only by 
using highly concentrated “antisera” and by titrating exactly ascer- 
tained large doses of the antigonadotropic factor against such doses 
of gonadotropic substance which were certainly effective and exactly 
titrated that we arrived at these results. 

The following experiment represents a further indication as to the 
species specificity of the antigonadotropic factor. Four female rats 
got 100 RU of prolan twice weekly subcutaneously during a period 
of over a year. In 2 of the animals the antigonadotropic titre of the 
blood was examined. Because of the non-intense preliminary treat- 
ment (only twice a week) it was low (20 PAU per cc.). In the 


*1PAU = prolan anti-unit is the minutest amount of the antigonadotropic 
factor required to annihilate the gon. ‘effect of 1 RU prolan in the immature 
female rat. 1PSAU = 1 prosylan anti-unit is similarly defined. N.B. At least 
10 units should be assayed in a test rat. We call prolan the gonadctropic hormone 
derived from pregnancy urine, prosylan that containing, in addition to prolan, 
synprolan (synergetic factor), cf. Zondek, B., Act. Obst. et Gyn. Scandin., 
1935, 15, 1. 
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other 2 animals one ovary respectively was extirpated. Each of 
them averaged 14 mg. in weight and in the histological examina- 
tion they showed a few moderately enlarged follicles as well as some 
old vascularized corpora lutea. The ovaries, therefore, revealed only 
a weak reaction upon prolonged prolan treatment. But when we 
injected 100 MU of antext (pregnant mare’s serum prosylan) the 
remaining ovary reacted with an increase in weight up to 7 times 
the amount (100 mg.) and with enormous swelling of the follicles, 
blood spot formation and luteinization. (HVR I, IJ and III.) This 
experiment also suggests the species specific behavior of the anti- 
gonadotropic factor: the ovaries did not react further with gonado- 
tropic hormone of human origin, they did, however, react strongly 
with hormone of animal origin. 

No doubt in every organism not preliminarily treated there are 
in addition to these specific antigonadotropic factors, non-specific 
gonadotropic antagonists which may be looked upon as antihormones 
in the strictest sense of the word. According to Evans, e¢ al., such 
an antagonist is to be found in the pituitary,** according to Engelin 
in the epiphysis,” and according to Hoffmann, ef al., in the ad- 
renals.*° Prompted by the results of these workers we performed 
the following experiments: 

We injected into an infantile female rat an aqueous extract of 200 
mg. acetone dry powder from bovine epiphyses. The following day 
the injection was repeated and 10 RU of prolan added. The gonad- 
otropic reaction (HVR) as usual was read 120 hours later. No 
inhibition of the gonadotropic reaction could be found. We re- 
peated the experiments with 2 ampules of Epiphysan§ which had 
the same negative result. There are, consequently, no observable 
amounts of gonadotropic antihormone in the epiphysis. 

We injected into an infantile rat 1.0 Eschatin|| (adrenal cortex 
extract) and on the following day 0.5 Eschatin + 10 RU of prolan. 
A similar experiment was started with half the dose of Eschatin. 
The result after 120 hours was in 2 of the experiments complete 


+ We used prolan from pregnancy urine of the J. G Farben-Ind.; antex, from 
pregnant mare’s serum of the Lgvens Kemiske, Kopenhagen; preglandol, from 
bovine pituitaries of Hoffmann-La Roche, Basel. We are indebted to the above 
firms for kindly supplying the preparations. 

14 Evans, Korpi, Pencharz and Simpson, Univ. Calif. Publ. Anat., 1936, 1, 237. 
15 Engelin, Klin. Wschr., 1935, 14, 970; Wien. Klin. Wschr., 1935, 48, 1160. 
16 Hoffmann et al., Klin. Wschr., 1937, 16, 79. 

§ We are indebted to the firm Gideon Richter, Budapest, for kindly supplying 
the preparations. 

|| We are indebted to the firm Parke, Davis & Co. for kindly supplying the 
preparations. 
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inhibition of the gonadotropic reaction; in 4 further experiments, 
however, no such inhibition was found. We repeated the experiment 
with the same doses of Cortigen§ and did not find inhibition of the 
gonadotropic reaction. The adrenals, therefore, do not contain 
noticeable amounts of antigonadotropic hormone. a (ae 

We hold that the above experiments explain the contradiction in 
literature as to the species specificity and organ specificity of the 
antigonadotropic factor. These contradictions are based upon the 
fact that the majority of the workers approached the problem from 
the qualitative side, not from the quantitative one. Those workers*™ 
who are opposed to the species specificity inhibited the normal oestral 
cycle in the rat or the ovulation in the mated rabbit, etc., by applying 
comparatively enormous doses of the antigonadotropic factor. The 
rat, to bring about its oestrous phase, produces only about one RU 
of gonadotropic factor, consequently the experiments of the work- 
ers’ only prove that large amounts of antigonadotropic factor 
(especially if applied daily) are able to annihilate the effect of one 
RU of heterologous (foreign to the species) prosylan. Without 
doubting the correctness of these investigations we approached the 
question quantitatively, and found that antigonadotropic sera show 
less than 0.5% of their effectiveness against a heterologous gonado- 
tropic factor, involving a loss of titre by at least 99.5%. Even if 
the conclusions drawn by the workers®** from their experiments 
are fully correct as to their theoretical meaning (that there is no 
absolute species specificity) our quantitative experiments reveal 
practically that the species specificity is enormous (more than 
99.5% ). On these grounds we think we may be permitted to state: 
The antigonadotropic factor works specifically to the species. 

Regarding the organ specificity we draw the conclusion: The 
antigonadotropic factor against human pregnancy-urine-prolan re- 
veals only 7% of its titre if used against human pregnancy-blood- 
prolan or against prolan of human pituitary origin, i. ¢., a loss of 
93% of its effectiveness. 

So in a serological sense every prolan preparation has a different 
antigenic structure. Another difference between the gonadotropic 
preparations derived from different sources is variation in time 
necessary for the formation of the antigonadotropic factor. Thus 
prolan derived from human pregnancy urine induces the formation 
of antiprolan in the rabbit after one month’s treatment ; gonadotropic 
hormone derived, however, from human or mare’s pregnancy blood 
requires about 3 times as long. We believe the quantitative method 
of investigation proposed by us to be suitable for giving a closer 
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insight into the difference in structure of the gonadotropic factors 
derived from different sources. 

The property of a strict species specificity and of a relatively high 
organ specificity of the antigonadotropic factor gives us a clue as 
to the mechanism of the antigonadotropic effect. It is certainly not 
a humoral antagonistic effect (as ¢. g., to be found in the insulin- 
adrenalin-contra-mechanism) but a process having its effective point 
directly and specifically in the gonadotropic preparation and render- 
ing the preparation itself ineffective biochemically. We shall fur- 
thermore report experiments leading to the supposition that the 
gonadotropic hormone irreversibly breaks down and is destroyed 
by the homologous antigonadotropic factor. 

Basing our deductions upon the above investigations we have to 
differentiate between 2 groups of gonadotropic antihormones : 

First Group. Antigonadotropic factors formed in the blood fol- 
lowing protracted treatment with a heterologous gonadotropic hor- 
mone (preferably daily subcutaneous or intravenous application). 
The formation of these antigonadotropic factors is exclusively con- 
nected with the blood, independent of the species of animal, sex 
and the presence of sexual functions (castration). These antigo- 
nadotropic factors are likely to take their effect by splitting up the 
gonadotropic hormone. They reveal less than 0.5% of their effect- 
iveness if used against a heterologous gonadotropic factor, 7% of 
their effectiveness if used against a homologous gonadotropic fac- 
tor, which is, however, foreign to the organ. 

Second Group. Gonadotropic antagonists of the normal non- 
treated organism. Such antagonists are said to occur in the pituitary 
and in the adrenals of normal animals not having been prelimin- 
arily treated. The mechanism of their effectiveness is hormonal, 
unspecific to species and organ. Their recognition in the pituitary 
gland and in the adrenals is rendered difficult because these organs 
produce simultaneously several hormones. Thus does the pituitary 
liberate hormones inducing the gonadotropic reaction and the adre- 
nals such hormones advancing it. In the epiphysis we could not 
find any noticeable amounts of the gonadotropic antagonistic factor. 
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Use of Sulphanilamide (Para Amino Benzene Sulphonamide) 
in Experimental Poliomyelitis.* 


SauL R. Ketson.t (Introduced by P. H. Long.) 


From the Department of Medicine, Johns Hopkins University. 


The effectiveness of sulphanilamide (para amino benzene sulphon- 
amide) in the treatment of certain bacterial infections’ suggested its 
trial in the treatment of a virus infection, experimental poliomye- 
litis. Though no reports of the use of sulphanilamide in any virus 
diseases have appeared, Long? has observed no improvement of 
concurrent common colds in patients receiving the drug for various 
streptococcal infections. Marshall and his associates’ have shown 
that sulphanilamide diffuses readily through the tissues of the body, 
and into the cerebrospinal fluid, where it reaches a level slightly 
lower than that of the blood stream. Two bacterial infections of 
the meninges, Beta hemolytic streptococcal meningitis* and menin- 
gococcal meningitis’ have responded well to sulphanilamide therapy. 

Two series of Macacus rhesus monkeys were used in these experi- 
ments. The first 4 monkeys were inoculated by the intranasal route 
with 0.5 cc. of 20% fresh virus cord suspension in each nostril on 
2 successive days; two of these monkeys received subcutaneous in- 
jections of 50 cc. of a 1% saline solution of sulphanilamidet (an 
amount equal proportionately to twice the maximal therapeutic hu- 
man dose) twice daily, begun 3-4 hours prior to the first inoculation 
of the virus suspension; two were used as controls. In the second 
group, 6 monkeys received one cc. each of 15% virus cord suspen- 

* Work supported by the President’s Birthday Ball Commission for Infantile 
Paralysis Research. 

t Fellow in Medicine, The Johns Hopkins University. 

1 Long, P. H., and Bliss, HE. A., J. A. M. A., 1937, 108, 32. A full bibliography 
is given here. 

2Long, P. H. Personal communication. 

3 Marshall, E. K., Jr., Emerson, Kendall, Jr., and Cutting, W. C., J. A. M. A., 
1937, 108, 12. 

4 Arnold, J. G., Jr., Ann. Int. Med., 1937, 10, 8; Schwentker, F. F., Clason, 
F. P., Morgan, W. A., Lindsay, J. W., and Long, P. H., Bull. Johns Hopkins 
Hosp., 1937, 60, 4. 

5 Schwentker, F. F., Gelman, S., and Long, P. H., J. 4. M. 4., 1937, 108, 17. 

{ Marshall (in work to be published) has shown that the blood sulphanilamide 
level 4 hours after one such injection is 12.7 mg.%, and after 8 hours, 11.1 mg.%. 
Practically all this is in the active uncombined form (though the urine contains 
30-70% of the inactive acetylated compound). Such a concentration lies within 
the supposedly effective range of the drug in human blood. 
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sion in each nostril on 2 successive days; 4 were given sulphanila- 
mide as above, while 2 control animals received 50 cc. of normal 


saline subcutaneously twice daily. Tables I and II show the course 
of these monkeys. 


TABLE I. 
First Series. 
Day of 
No.of Onsetof Complete Day of 
Monkey Paralysis Paralysis Death Remarks 
Treated with 50 ce. 1% sulphanilamide 
in saline s.c. b.i.d. 
61 11 15 17 
62 8 —_ — Moderate flaccid paralysis of right arm 
disappeared completely by 12th day. 
Animal sacrificed on 17th day. 
Untreated Controls 
63 12 14 22 Received 50 ce. normal saline s.¢. b.i.d. 


17th to 20th day. 
64 8 9 9 Animal sacrificed when completely par- 
alyzed and moribund. 


8.c. = subcutaneously. 
TABLE II. 
Second Series. 
Day of 
No.of Onsetof Complete Day of 
Monkey Paralysis Paralysis Death Remarks 
Controls—Given 50 cc. normal saline 
8.¢. b.i.d. 

70 12 —_— = Animal showed severe paralysis of both 
legs and moderate paralysis of the 
arms. From the 27th day on he 
gradually gained in vigor, with slight 
decrease of paralysis. 

Taal 9 10 ily 

_ Treated with 50 ce. 1% sulphanilamide 
in saline s.c. b.i.d. 
72 10 14 24 Animal sacrificed when completely par- 
alyzed and moribund. 

73 9 12 19 

74 10 11 18 : 

75 10 18 24 When unable to feed themselves, this 
monkey and the others of this series 
were tube-fed twice daily with 200 
cc. of milk containing egg and sugar. 

$.c. — subcutaneously. 


It is seen that in the 2 series of experiments 2 monkeys survived, 
one treated animal, after transient paralysis, and a control animal 
showing marked, but very gradually diminishing, paralysis. Such 
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survivals are not uncommon in untreated animals following inocula- 
tion by the intranasal route. In the other monkeys, as tabulated, 
there is no significant difference in the time of onset of paralysis, in 
the time of occurrence of complete paralysis of the extremities, or in 
the day of death, between the 2 groups. The results of these exper- 
iments fail to indicate any therapeutic value of sulphanilamide in 
experimental poliomyelitis. 
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Beneficial Effect of Non-Saponifiable Fraction of Soy Bean Oil on 
Chicks Fed a Simplified Diet. 


SipnEy H. Bascock, Jr., AND THomMas H. JUKEs. 


From the Divisions of Chemistry and Poultry Husbandry, University of California, 
Davis. 


Pappenheimer and Goettsch* have described a syndrome in chicks 
fed certain simplified diets. The syndrome was characterized by 
paralytic symptoms, and post mortem examination revealed definite 
lesions in the cerebellum. Recently Goettsch and Pappenheimer? 
stated that protection against the syndrome (“‘nutritional encepha- 
lomalacia”’) was afforded by the non-saponifiable fraction of cer- 
tain vegetable oils, including soy bean oil. 

It has been found possible to obtain confirmatory evidence of a 
beneficial effect of the non-saponifiable matter of soy bean oil when 
fed to chicks receiving a simplified diet. Crude soy bean oil* was 
treated as follows: To 500 cc. of boiling methyl alcohol (freshly dis- 
tilled from potassium hydroxide) were added in order 1250 em. of 
potassium hydroxide and 1000 gm. of crude soy bean oil. Heating 
was continued under reflux for one hour, whereupon 2500 cc. of 
boiling water was added. When cool, the resulting solution was 
first saturated with 3500 cc. of peroxide-free ether (prepared by 
shaking with 5% aqueous stannous chloride, until a sample gave 
no color with a colorless ferrous sulfate + potassium thiocyanate 
solution, and distilling), then extracted with 5 2-liter portions of the 
same solvent. Throughout the entire process, all apparatus was 
flushed with natural gas. The extracts were combined, washed first 

1 Pappenheimer, A. M., and Goettsch, M., J. Hap. Med., 1931, 58, 11. 


2 Goettsch, M., and Pappenheimer, A. M., J. Biol. Chem., 1936, 114, 673. 


* Kindly supplied by Allied Mills, Peoria, Ill., through the cooperation of Dr. 
E. M. Hasbrouck. 
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; TABLE I. 
Protective Effect on Chicks Afforded by Soy Bean Oil and Non-saponifiable 
Matter of Soy Bean Oil. Results Taken at 28 Days. 


No. developing No. dying without 


No. of definite paralysis being 
Supplement to basal diet birds paralysis observed 
None 30 16 6 
Ether solution of non-saponifiable 
matter of soy bean oil corre- 
sponding to 15% of original oil 28 0 1 
10% of soy bean oil 25 0 il 


with 5% sulfuric acid, then with water until neutral, concentrated 
and used to supplement the diet described below. 

The basal diet consisted of corn starch, 65% ; fat-extracted whole 
sardine meal,t 25; rice bran extract,* 7; whey adsorbate,* 2; alfalfa 
hexane extract,’ equivalent to 0.5% of alfalfa meal; cod liver oil, 1. 
In some experiments a purified antihemorrhagic concentrate, kindly 
supplied by Dr. H. J. Almquist, replaced the alfalfa hexane extract 
without perceptible alteration of the results. Single-comb White 
Leghorn chicks were placed on this diet at hatching. On the basal 
diet, paralytic symptoms, accompanied by loss of weight and shortly 
foliowed in most cases by death, appeared at 20 days of age. By 
the 28th day, the results summarized in Table I were obtained. 

The chicks on the supplemented diets appeared normal, but were 
definitely below normal weight. This observation of the protective 
effect of the non-saponifiable fraction of soy bean oil is in accord 
with the results of Goettsch and Pappenheimer.’* 
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Non-Transmissibility in utero of Trichinosis in the Rat. 


Lioyp CATRON. (Introduced by Carl V. Weller.) 
From the Department of Pathology, University of Michigan, Ann Arbor. 


For several weeks after the maturation of ingested larvae of 
Trichinella spiralis in the intestine, those of the next generation 
enter the circulating blood of the host. Although the presence of 


+ Furnished by the F. E. Booth Co., San Francisco, by the courtesy of Mr. 
T. D. Sanford. 

3 Lepkovsky, S., and Jukes, T. H., J. Biol. Chem., 1935, 111, 119. 

4 Lepkovsky, 8., and Jukes, T. H., J. Biol. Chem., 1936, 114, 109: Jukes, T. H., 


J. Biol. Chem., 1937, 117, 11. 
5 Almquist, H. J., J. Biol. Chem., 1936, 114, 241. 
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migrating larvae in various organs, tissues and body fluids has been 
observed repeatedly, studies of pregnant hosts, such as the rat, 
guinea pig, rabbit, hog and man, have indicated that intrauterine 
transmission of trichinosis from mother to fetus does not occur. 
Roth, however, recently reported the recovery by digestion of a few 
larvae in 2 out of 5 litters of guinea pigs born of mothers infected 
during pregnancy. Previous investigations have dealt with com- 
paratively small groups of animals, and little importance has been 
attached to the stage of gestation at which mother animals have been 
infected. 

Young adult white rats weighing from 180 to 280 gm. were fed 
by stomach tube the larvae of Trichinella spiralis obtained by diges- 
tion of infected rats in artificial gastric juice.” The time of inocu- 
lation varied from one day before, to 15 days after, copulation. The 
presence of infection in all mother rats was confirmed by subsequent 
microscopic examinations of their diaphragms and other skeletal 
muscles. Since migration of young larvae begins about one week 
after infection and usually continues for 2 weeks, larvae were mi- 
grating in various rats during all except the earliest stages in the 
maturation of the placenta and of fetal development of muscle. At- 
tempts to obtain copulation of female rats 2 to 7 days after infection 
were unsuccessful. Twenty-one females were fed 15 larvae per gm. 
of body weight, an amount sufficient to cause an infection of moder- 
ate severity. To 2 groups of 3 rats each were fed 35 and 40 larvae 
respectively per gm. of body weight. Most of the offspring of rats 
fed 15 larvae per gm. were of usual size and weight, and developed 
normally. The few which did not appear perfectly healthy were 
included among those examined for trichinosis. Most of the young 
of heavily infected rats died. Those living several days soon became 
underweight, scrawny and feeble as compared to normal rats of 
similar age. None was observed to have diarrhea. 

To determine whether migrating larvae entered fetal tissues, 
microscopic examinations were made of fresh teased and pressed 
preparations and of sediments from centrifuged washings of serous 
cavities. Also several sections from each of 6 to 10 serial blocks 
were prepared from each young rat examined; in this way practi- 
cally all organs and tissues were searched. Sections were made of the 
9 fetuses and placentas from one moderately infected mother killed 
on the 21st day of gestation. Similar material was examined from 
the 8 fetuses and placentas of each of 2 heavily infected mothers 


1 Roth, H., Acta Path. et Microbiol. Scand., 1935, 12, 203. 
2McCoy, O. R., Am. J. Hyg., 1931, 14, 484. 
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dying on the 17th and 18th day of gestation. In the 25 placentas 
examined, no larvae were found in either fetal or maternal portions. 
Of animals born, microscopic examinations were made on 26 from 
5 litters which were stillborn or dying at ages up to 20 days, and on 
8 from 6 litters killed at from one to 20 days of age. Material was 
taken from 7 to 38 days after infection of the mothers. In no in- 
stance were trichina larvae found in fetal tissues or fluids. 

Digestion of the skinned and eviscerated carcass in a solution of 
hydrochloric acid and pepsin is useful only for the recovery of larvae 
which have become encysted in skeletal muscle. At 60 to 70 days of 
age, one male and one female from each of 17 litters of mothers 
fed 15 larvae per gram were digested. The mothers had been in- 
fected at the following times: 15, 14 (2), 12, 11 (2), 10 (2), 8, 7, 
5 (2), 4, 3 (2), and one days after, and in one instance one day be- 
fore, copulation. No larvae were found. 

These results indicate that in the white rat trichina larvae circu- 
lating in the maternal blood are not capable of crossing the placental 
barrier into the fetal circulation and tissues. We have found no 
larvae in the sections of placentas examined. Larvae also have not 
been found to migrate from the peritoneal cavity of the mother rat 
into the amniotic sac or embryo proper. Finally, our results support 
the view that trichinosis is not transmitted by way of the milk or 
feces, as the young rats were suckled by their own mothers and were 
caged with them. 
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Effect of Acute Infection on Iodine Number of the Phospholipid 
Fatty Acids.* 


ALBERT V. STOESSER. 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


There is a definite lowering of the values for the plasma lipids at 
the height of an acute infection as compared with the levels obtained 
during convalescence. Fever per se is not responsible for the fall 
of the various lipid constituents of the blood plasma. Diet does 
not have any demonstrable influence on the results. The drop in 


* This work was supported by a grant from the Medical Research Fund of the 


University of Minnesota. : 
1 Stoesser, A. V., and McQuarrie, Irvine, Am. J. Dis. Child., 1935, 49, 658. 
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the total cholesterol values is due almost entirely to a marked de- 
crease in the ester cholesterol? and this condition holds true for in- 
fants as well as children.* The fall in the total fatty acid values is 
accompanied by low iodine absorption values yielding iodine num- 
bers of the serum fatty acids which are significantly lower during 
the febrile period of the disease than during the afebrile period of 
convalescence.* ° The plasma phospholipids do not in all cases drop 
immediately to low levels after the onset of the acute illness. In 
some instances, values above the normal range have been obtained 
early in the disease. The behavior of the phospholipid fatty acids in 
relationship to the variations in the phospholipids in acute infec- 
tions of children has not been recorded. 

Eighteen children ranging in age from 13 months to 15 years 
were chosen for this study. Nine of the subjects had upper respira- 
tory infections with acute otitis media, acute bronchitis, or cervical 
adenitis, while the remaining 9 had pneumonia with no complica- 
tions. All the blood samples obtained during and after the height 
of each infection were drawn between 12 and 16 hours after a meal. 
The first blood sample was collected in 8 of the cases before the end 
of the second day of the febrile period of the disease and in the 
remaining 10 patients between the sixth and seventh day of the 
illness. The second blood sample was collected in all children be- 
tween the seventh and ninth days of convalescence. Bloor’s method® 
as modified by Boyd’ was employed to obtain the total phospho- 
lipid content of the blood plasma and the Rosenmusad-Kuhnhenn 
method® as modified by Page, Pasternak and Burt’ was utilized to 
determine the iodine absorption values of the phospholipid fatty 
acids. 

The results are summarized in Table I. 

There was with only 2 exceptions a definite fall in the plasma 
phospholipid values in the group of children in whom the first blood 
sample was obtained early in the disease. This may indicate that 
the rise in total phospholipids observed by Boyd’? in acute infections 
of the adult must occur in the child very soon after the onset of the 


2 Stoesser, A. V., Proc. Soc. Exp. Bion. AND MeEp., 1935, 32, 1324. 

3 Stoesser, A. V., Proc. Soc. Exp. Bion. AND Mzp., 1936, 34, 10. 

4 Stoesser, A. V., Proc. Soc. Exp. Bion. AND Mep., 1935, 32, 1326. 

5 Stoesser, A. V., Proc. Soc. Exp. Bron. AND Mxp., 1936, 34, 12. 

6 Bloor, W. R., J. Biol. Chem., 1929, 82, 273. 

7 Boyd, H. M., J. Biol. Chem., 1933, 101, 323. 

8 Rosenmund, K. W., and Kuhnhenn, W., Z. f. unter. d. Nahr. d. Nahr. u. 

Genuss., 1923, 46, 154. 

9 Page, H. H., Pasternak, L., and Burt, M. L., Biochem. Z., 1930, 228, 445. 
10 Boyd, E. M., Canadian Med. Assn. J., 1935, 32, 500. 
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‘ TABLE I, 
Iodine Numbers of the Phospholipid Fatty Acids in Infections of Upper 
Respiratory Tract and in Pneumonia. 
aoa*qosxo>=*=$>0—=$=$™=“—=$@—Réa“RQ“00eEO——OoOoOoOoOoOoaoauaomomommme 


Plasma Phospholipids 
Case No. Mg. per 100 ec. serum Iodine No. 
A B A B A B 
Febrile period of disease. 

1 9 95 125 146 57 
2 10 85 98 146 70 
3 2g 159 124 88 67 
= 12 181 60 105 76 
5 13 124 64 131 52 
6 14 111 93 153 84 
7 15 76 121 161 51 
8 16 72 122 147 87 
17 106 67 

18 101 62 
Aver. 112 101 134 67 

Afebrile period or convalescence 

1 9 175 170 120 84 
2 10 180 174 115 83 
3 11 116 179 51 110 
4 12 136 154 77 149 
5 13 182 103 116 87 
6 14 184 LAT 120 113 
if 15 162 164 109 110 
8 16 121 139 102 98 
ily 221 85 

18 167 86 
Aver. 157 165 101 100 


A—First blood sample collected second day of febrile period. 
B—First blood sample collected sixth or seventh day of febrile period. 


infection. The decrease in the serum phospholipids was not accom- 
panied with a fall in the iodine absorption values. On the contrary, 
the iodine numbers were higher than normal at this stage of the dis- 
ease. The ratio of saturated to unsaturated phospholipid fatty acids 
referred to by Sinclair** was certainly greatly disturbed by the acute 
infection, there being a relative increase in the unsaturated fatty 
acids probably in response to an increase in the intensity of the fat 
metabolism during the febrile period. 

The plasma phospholipid values were consistently low in the other 
group of children in whom the first blood sample was obtained 
toward the end of the height of the disease. This condition was 
accompanied by a marked fall in the iodine absorption of the phos- 
pholipid fatty acids yielding low iodine numbers. The desaturation 
may be entirely due to the rapid utilization of the unsaturated fatty 
acids by the altered metabolic processes present during an infec- 
tion. There is, however, an additional factor which could play a 


11 Sinclair, R. G., Physiological Rev., 1934, 14, 351. 
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rather significant role. The observation has been made that certain 
toxic substances such as cobra venom when mixed with lecithin 
cause it to lose its unsaturated fatty acid radicle.*” The resulting 
lecithin compound contaiis a relatively high proportion of saturated 
fatty acids. The question thus arises as to whether the bacterial 
toxins of an acute infection could have the same influence on the 
plasma phospholipids. Most logical at the present time is the as- 
sumption that the intensity of the fat metabolism during an acute 
infection and the presence of the bacterial toxins in the blood may 
both be responsible for the ultimate fall in the plasma phospholipids 
to abnormal levels with an associated extensive loss of their un- 
saturated fatty acids. Should this actually be found to occur, it 
would give the phospholipids an important part in the phenomena 
of immune reactions. 


9374 P 


Photoelectric Spectrophotometry Applied to Studies in 
Fat Metabolism.* 


E. S. MILLER AND G. O. Burr. 


From the Department of Botany, University of Minnesota. 


Recently new methods have been applied for following the rate of 
movement and metabolism of fats. Schoenheimer and Rittenberg* 
have published a series of papers on the use of deuterium as an in- 
dicator in fatty acid metabolism. Sinclair and coworkers? have 
made use of elaidin as an indicator of rate of movement and metab- 
olism of fats in various rat tissues. 

The common fats and fatty acids show very low absorption of 
light from 2000 to 8000 A.U., except for a weak band at 2300 
A.U.* However, there are 2 exceptional cases. a-Eleostearic acid 
of tung oil has a very strong maximum at 2700 A.U.* Moore?* has 
shown that linseed oil fatty acids become strongly “absorptive” on 


12 Peters, John P., and Van Slyke, Donald, Quantitative Clinical Chemistry, 
Williams and Wilkins Company, Baltimore, 1931, Vol. 1. 

* Aided by grants from the Rockefeller Foundation, the Medical Research 
Fund of the Graduate School of the University, and the National Live Stock and 
Meat Board. 

1 Rittenberg, D., and Schoenheimer, R., J. Biol. Chem., 1937, 117, 485. 

2 McConnell, K. P., and Sinclair, R. G., J. Biol. Chem., 1937, 118, 123. 

3 Dingwall, A., and Thomson, J. C., J. Am. Chem. Soc., 1934, 56, 899. 

4 Moore, T., Biochem. J., 1937, 31, 138. 
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prolonged saponification. These acids are digestible and cure fatty 
acid deficiency symptoms. It has also been shown that highly un- 
saturated fatty acids are changed to an absorptive form by the cow 
and secreted in milk.* 

Using apparatus similar to that described by Hogness, Zscheile 
and Sidwell,° small amounts of a strongly absorbing lipid can be 
determined in the presence of the usual body lipids. This method 
offers the advantage of speed and accuracy of determination on very 
small samples. Less than 10 mg. of a lipid are required. 

Tung oil was chosen for the first work because of its ready 
digestibility and very high absorption. At 2700 A.U. E!”, = 1400 
in the specimen of oil used. At the same wave length adipose tissue 
of a rat has an E{%, of less than one. Therefore, a very small 
amount of the tung oil acids deposited in a rat tissue is readily de- 
tected. 

Three mature rats on stock diet were starved over night (18 
hours) and fed at 9 a. m. 10 gm. of the same stock diet mixed with 1 
gm. of tung oil. Uneaten food was removed from the cage in the af- 
ternoon and total oil consumption calculated. Regular stock diet was 
put in the cage so that there was no starvation following oil intake. 
One rat was killed at 9 a. m. each succeeding morning, that is, at 
24, 48 and 72 hours after the first intake of tung oil. Table I sum- 
marizes the data. 


TABLE I. 
Time killed 

Tung oil after first 

Body wt. consumed oil intake 
Case Rat No. g. g. hr. 
1 36194 180 0.9 24 
2 36210 222 0.9 48 
3 36212 189 0.64 70 


At autopsy the blood, liver, kidneys, brain, skin and adipose tissue 
were collected. Solid tissues were ground with glass and the fat 
removed by prolonged alcohol-ether extractions. Solvents were 
removed in vacuo, true lipids taken up in petroleum ether, which 
was then removed in vacuo in a tared flask. The samples were 
made to volume in purified ether and aliquots used for the spectro- 
scopic studies. Some results are summarized in Figs. 1 to 6. 


Ca 2 Ee ee en ee ee eee 
5 Dann, W. J., Moore, T., Booth, R. L., Golding, J., and Kon, 8. K., Biochem. 


J., 1935, 29, 138. 
6 Hogness, T. R., Zscheile, F. P., Jr., and Sidwell, A. E., Jr., J. Phys. Chem., 


1937, 41, 379. 
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Full interpretation of the curves is not possible at this time. First, 
it should be pointed out that the animal very quickly changes eleo- 
stearic acid, causing a loss of the band at 2700 A.U. and a rise in 
absorption at 2350 A.U. This fact must be considered in evaluating 
the data. 
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Figs. 1-6. 

Absorption curves of lipids extracted from six tissues of three experimental 
rats and a control. Curves numbered 1, 2 and 3 represent rats killed 24, 48, and 
70 hours respectively after consumption of the first tung oil. C is the control on 
stock diet, but with no tung oil. 


However, certain very interesting differences in tissues are at 
once apparent. According to the rapidity with which the 2700 A.U. 
band disappears during the first day, the tissues fall in the following 
order: liver, kidney, blood, adipose and skin. Adipose tissue re- 
ceived a large amount of unchanged acid (Fig. 2, curve 2) during 
the second day, which was largely gone by the third day. The new 
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acid with high absorption at 2350 A.U. persisted through the third 
day. The skin received almost none of this material for 2 days, but 
on the third day large amounts of the changed acid were deposited 
(Fig. 1, curve 3). The brain showed a small but appreciable re- 
sponse to tung oil feeding. The order of the curves is the same as 
for blood, which suggest that the immediate blood supply may con- 
trol the results ; but the amount of blood present can not account for 
all of the absorptive acid, as the brain lipids were several times the 
total blood lipids. 

Conclusions, Eleostearic acid is quickly changed to a new acid 
im vivo. Distribution and metabolism of this acid has been followed 
by spectroscopic analysis and large differences found among several 
tissues. 


SRI 
Reaction of the Supraoptic Nucleus to Hypophysectomy.* 


A. T. RASMUSSEN. 


From the Department of Anatomy, University of Minnesota, Minneapolis. 


The origin and significance of the hypothalamico-hypophyseal 
neural system are still controversial. Keller, Noble and Hamilton* 
and Mahoney and Sheehan,’ who interrupted these fibers in the in- 
fundibulum, rather minimize their role. On the other hand, Ranson 
and co-workers seem to have established a very close connection 
between lesions in this system and at least diabetes insipidus. 

The origin is generally regarded as being the paired supraoptic 
nuclei, 2 more dorsally situated paraventricular (filiform) nuclei 
and some less definitely localized cells in the tuber cinereum. In the 
dog retrograde degeneration of the supraoptic nuclei 10-16 days 
after destructive lesions in the processus infundibuli and infundibu- 
lum was noted by Kary,? Lewy,* Maiman® and Broers.* Hare’ re- 


* Aided by a grant from the Research Fund, Graduate School, University of 
Minnesota. 

1 Keller, A. D., Noble, W., and Hamilton, J. W., Jr., Am. J. Physiol., 1936, 
117, 467; Proc. Soc. Exp. Biot. AND MeEp., 1936, 34, 794; Keller and Noble, 
Proc. Am. Physiol. Soc., 1936, 48, 90. 

2 Mahoney, W., and Sheehan, D., Brain, 1936, 59, 61. 

3 Kary, K., Virchows Arch. f. path. Anat. u. Physiol., 1924, 252, 734; Lewy, 
F. H., Zentralb. f. d. ges. Neurol. u. Psych., 1934, 87, 398; Maiman, R. M., 
Z. f. d. ges. Neur. u. Psych., 1930, 129, 666. 

4 Broers, H., Diss. Inaug. Kemink en Zoon, Utrecht, 1932. 

5 Hare, H., Proc. Am. Physiol. Soc., 1937, 49, 70. 
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ports a loss of more than half of these cells in hypophysectomized 
dogs. Inthe cat, Fisher, Ingram, Hare and Ranson® further showed 
that unilateral destruction of the neural lobe of the hypophysis or 
electrolitic interruption of the nerve fibers before entering the in- 
fundibulum causes atrophy of the homolateral supraoptic nucleus. 
They produced retrograde degeneration also in monkeys." Changes 
in other nuclei apparently have not been clearly demonstrated. An 
increase in neuroglia cells has been mentioned. 

Mahoney and Sheehan,” as a result of placing silver clips on the 
infundibulum of dogs and monkeys, could see no definite evidence 
of retrograde degeneration. In the chimpanzee, Mahoney* found 
no hypothalamic change of note 17 days after hypophysectomy. 
Mahoney and Sheehan found cells with pale centers and peripheral 
clumping of Nissl granules (features repeatedly taken as evidence 
of degeneration) in normal supraoptic and paraventricular nuclei. 
Malone® showed this many years ago in colored plates of these 
nuclei in man, monkey, lemur and cat. Greving’® presents the same 
features by means of photomicrographs. We can confirm this as 
being normal histology in man, monkey, dog, cat, and rat. The 
nucleus is frequently very eccentric in the larger cells. 

In the light of the above we have studied the hypothalamic nuclei 
following hypophysectomy in 29 albino rats. Twenty-one of these 
were operated on when 21 days of age (40-56 gm.) and 8 when 
mature (180-260 gm.). Suction through the pharyngeal route, 
without damage to the brain, was the method used. The animals 
were sacrificed from one week to 6 months later. Various amounts 
of anterior lobe tissue happened to be retained in some cases so 
that various degrees of stunting occurred. 

By 10 days a very definite loss of cells in the supraoptic nucleus 
is apparent. By 6 months only 1/5 of the cells may be left in rats 
operated upon at weaning age. Many of the cells remaining are 
normal in appearance. Occasionally an enlarged cell is encountered 
and others are hyperchromatic and atrophic with pycnotic nuclei. 
No reaction is apparent on the part of the neuroglia. In the older 
group the cell loss is even greater. About 90% may disappear in 


6 Fisher, C., Ingram, W. R., and Ranson, 8. W., Arch. Neur. and Psych., 1935, 
34, 124; Fisher, Ingram, Hare and Ranson, Anat. Rec., 1935, 63, 29; Ingram and 
Fisher, Anat. Rec., 1936, 66, 271. 

7 Ingram, W. R., Fisher, C., and Ranson, 8S. W., Arch. Int. Med., 1936, 57, 1067. 

8 Mahoney, W., Proc. Am. Physiol. Soc., 1936, 48, 105. 

9 Malone, F. F., Johns Hopkins Hosp. Reports, 1914, Monographs, N.S. No. 4. 

10 Greving, R., Handbuch der Mikroskopischen Anatomie (v. Méllendorff), 1928, 
4, 917. 
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149 days. The cells remaining are either associated with the infun- 
dibular stump still attached to the brain and the median eminence 
of the tuber cinereum or are part of non-hypophyseal circuits. Ret- 
rograde degeneration in the supraoptic nucleus of the rat is suffi- 
ciently extensive to leave no doubt about this nucleus being pri- 
marily concerned with the neural lobe of the hypophysis. There 
are indications that the ventrolateral or magnocellular portion of the 
paraventricular nucleus also reacts to hypophysectomy by a loss of 
cells, but to a lesser extent. More extensive studies along this line 
are being carried on by Dr. L. S. Meriwether. The technical skill of 
Mr. Dwight Ingle, who performed the operations is gratefully ac- 
knowledged. 
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Augmentation of Gonad Stimulating Hormone of the 
Hypophysis by Copper 


FREDERICK E, EMERY. 
From the Department of Physiology, University of Buffalo. 


In a recent report’ it was shown that zinc sulphate in combination 
with antuitrin S augmented the weights of the ovaries of immature 
rats above that obtained with antuitrin S alone. In contrast to this, 
zinc sulphate had no augmentative effect when given in combination 
with pituitary implants. Copper, on the other hand, seems to differ 
from zinc in certain of these ovarian augmentative reactions. 
Fevold, et al.,? obtained ovulation in rabbits by intravenous injec- 
tions of copper salts but failed to do so with zinc. In these rabbits 
the copper may have altered the response of the gonad stimulating 
hormones present in the blood. It, therefore, seems likely that a 
similar mechanism might be induced in immature rats by combina- 
tions of copper salts and pituitary implants. The data on this point 
are described in the present study. 

The recipients were albino rats of approximately 38 gm. body 
weight. All donors were normal adult male rats. The pituitary 
implants were made in the abdominal cavity under ether anesthesia. 
Copper sulphate was given intraperitoneally once or twice daily in 
doses up to one-third of a milligram at a time in one cubic centi- 


1 Emery, F. E., Am. J. Physiol., 1937, 118, 316. 
2¥Fevold et al., ibid., 1936, 117, 68. 
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meter of saline solution. The ovaries were removed 5 days after 
the implants were made. 

One normal male pituitary increased the average weight of both 
ovaries from 13.0 mg. (controls) to 17.0 mg. (groups A and B, 
Table I). Under the same treatment but with copper sulphate the 
ovaries weighed 22.3 mg. (group C). In this group the distribution 
of the ovarian weights was more even throughout the range while 
in those without copper (group B) in only 2 cases were the weights 
above 24 mg. The median like the mean was higher in the copper 
treated group but the differences are small and not statistically sig- 
nificant. The mean difference divided by the standard error of the 
difference is only 1.7. One male rat pituitary gland is quite a mini- 
mal stimulus and positive vaginal smears are produced without 
much change in ovarian weight. This we have previously noted* ® 
and it is evident here in groups A and B. 

When the stimulus was doubled and 2 rat pituitary glands im- 
planted in the body cavity, the ovaries were significantly larger than 
when only one pituitary was given (groups B and D). Here again 
copper was without effect, the medians being the same at 50 mg. 
each in the 2 groups and the means only slightly different (groups D 
and E). Thus, one may conclude that copper does not significantly 
change the reaction of the ovaries to pituitary implants when either 
the stimulus is minimal, as when one male rat pituitary gland is 
given, or when the stimulus is considerably above threshold. 
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Experimental Alveolar Bone Atrophy Produced by Ascorbic 
Acid Deficiency and Its Relation to Pyorrhea Alveolaris.* 


P. E. Boye, O. A. BEssEy AND S. B. WoLBaAcH. 


From the Department of Operative Dentistry, Dental School, and the Department 
of Pathology, Medical School, Harvard Unwersity. 


Vitamin C (ascorbic acid) has been characterized by Wolbach 
and Howe? as necessary for the production of intercellular sub- 
stances. Failure of connective tissue cells to form collagen matrices 
adequately accounts for the clinical signs and pathology of scurvy. 


3 Emery, F. E., et al., Proc. Soc. Exp. Biov. aND Mep., 1931, 29, 42. 

* Aided by a grant from the Milton Fund to the University Committee on 
Research in Dental Medicine. 

1 Wolbach, 8. B., and Howe, P. R., Arch. Path., 1926, 1, 1. 
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Although loosening of the teeth of both man and animals in scurvy 
has been recognized,” * there has been little study reported of the 
pathological changes of the peridental tissue. The striking altera- 
tions in the tooth pulp and dentin have diverted attention from the 
peridental soft and calcified tissues.” ° The influence of a chronic 
deficiency on these tissues has not been adequately described. 

Pyorrhea is classified into two main types—(1) a local inflamma- 
tory process beginning at the gingival margin; (2) a systemic pro- 
cess characterized by diffuse atrophy of the alveolar bone.° Type 
II is recognized clinically by a loosening and wandering of the 
teeth, generalized rarefaction of the alveolar bone, and widening of 
the peridental membrane. Resorption of alveolar bone and ce- 
mentum with loss of the collagenous fibers of the peridental mem- 
brane and depletion of the hematopoietic cells of the bone marrow 
are the essential microscopic findings. Pocket formation and sup- 
puration are not characteristic of the early stages but may result 
from infection superimposed later in the disease process." 

Our findings in the peridental tissues of cases classified on a clin- 
ical basis as Type Il pyorrhea corroborate those of Gottlieb.® 
Changes in the alveolar bone and peridental tissues are identical with 
those found in the peridental tissues in cases of unquestionable in- 
fantile scurvy® and with changes in animals maintained on diets de- 
ficient in ascorbic acid. 

In the present study, a large number of guinea pigs have been 
kept for periods up to 6 months on a diet free of vitamin C, supple- 
mented by measured amounts of ascorbic acid (0.3 to 5.0 mg. per 
diem), together with adequate controls. The head has been split 
in a sagittal plane, and X-rayed. Ground and decalcified sections 
in cross and in longitudinal planes, of both incisor and molar teeth 
and surrounding tissues, have been prepared. 

The paradental tissues, in acute scurvy, are so weakened that the 
teeth may be easily extracted. Congestion of the gingiva is a con- 
stant finding, but pocket formation rarely occurs. X-ray and histo- 
logical examination reveals a marked rarefaction of the alveolar 
bone and widening of the peridental membrane. These changes are 

2 Westin, G., Dent. Cosmos, 1925, 67, 868. 

3 Hess, A. F., Scurvy, Past and Present, Philadelphia, 1920, J. B. Lippincott Co. 

4Hanke, M. T., Diet and Dental Health, Chicago, Ill., 1933, University of 
Chicago Press. 

5 Hojer, J. A., Acta Paediat., 1924, Supp. 3: 8. 

6 Gottlieb, B. L., J. Am. Dent. Assn., 1927, 14, 2178. 


7 Kronfeld, R., Histopathology of the Teeth, Philadelphia, 1933, Lea and 
Febiger. 


8 Boyle, P. E., J. Dent. Res., 1934, 24, 172. 
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conspicuous over the labial enamel-covered part of the incisor teeth 
in the region anterior to the fulcrum of tooth movement. The fail- 
ure of collagen-fiber formation which normally accompanies con- 
tinuous eruption of the tooth results in weakening of the suspend- 
ing apparatus. Ultimately the peridental fibers are unable to sus- 
tain the forces of mastication, the teeth become loosened, and atrophy 
of the bone results in the direction toward which pressure is exerted 
—(1. e., toward the labial alveolar bone). 

Similar changes take place at a slower rate in the tooth and peri- 
dental structures of animals on low ascorbic acid levels. The gross, 
X-ray, and histological deviation from normal depend upon the 
amount of ascorbic acid administered. 

Thus in both acute and chronic ascorbic-acid deficiency, general- 
ized rarefaction of the bone occurs. This rarefaction is a result of 
the inability of the osteoblastic cells to form bone matrix and is 
accompanied by a similar failure of the fibroblastic cells to 
form collagen fibers. The loosening and wandering of the 
teeth is an expression of the weakness of the bone and 
collagen-fiber suspending apparatus. The histological details of 
atrophy of the bony, fibrous, and hematopoietic tissues in the tooth 
and mandible are the classical changes of scurvy.” *° Such atrophic 
changes likewise are the characteristic features of peridental disease 
of the diffuse alveolar bone atrophy type. 

Ascorbic-acid determinations on the blood of a limited number of 
patients with peridental disease*® by the use of a modification of a 
previously developed test** indicate a positive correlation between 
low ascorbic-acid blood levels and rarefaction of the alveolar bone 
not solely attributable to local inflammatory processes. This is con- 
sistent with the above evidence that suboptimal ascorbic-acid nutri- 
tion is the important factor in the production of the diffuse atrophy 
type of pyorrhea. 

Summary, The essential characteristic of the diffuse atrophy 
type of pyorrhea (pyorrhea alveolaris), which is an inability of the 
peridental tissue to withstand functional stress, has been reproduced 
in guinea pigs maintained on diets deficient in ascorbic acid. The 
histological details in bone and connective tissue of these scorbutic 
animals are identical with those found in human peridental disease 
of this type. 

9 Aschoff, L., and Koch, W., Scorbut, Hine Pathologisch anatomische studie, 
Jena, 1919, Gustav Fisher. 


10 Weisberger, D., and Bessey, O. A. Unpublished data. 
11 Bessey, O. A., and King, C. G., J. Biol. Chem., 1933, 103, 687. 
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Effect of Adrenal Cortical Hormone on Reduction of Plasma 
Volume Resulting from Etherization.* 


FERDINAND F. MCALLISTER AND GEorGE W. TuHorN.{ (Intro- 
duced by W. S. Root.) 
From the Laboratories of Physiology, University of Maryland School of Medicine, 


and the Chemical Division of the Medical Clinic, Johns Hopkins Uniwersity 
School of Medicine, Baltimore. 


Recent determinations with the blue dye T-1824 have shown that 
etherization of dogs causes a marked reduction (average 12%) 
in plasma volume.’ Because the adrenal cortex appears to be con- 
cerned with the regulation of blood volume (Swingle, et al.,"Harrop, 
et al.*), it seemed of interest to study the effect of the administra- 
tion of adrenal cortical hormone? on this fluid shift occurring under 
ether. 

The changes in plasma volume were calculated from alterations in 
a dye disappearance curve established by spectrophotometric analysis 
of serum samples (Gregersen, ef al.*°). Plasma volume changes 
were also calculated, with considerable agreement, from variations in 
the concentration of plasma proteins (measured with refractometer). 
Five intravenous injections of adrenal cortical extract, totalling not 
more than 30 cc. (3,000 dog units§) were made during each experi- 
ment; the first of these injections (usually 500 to 1000 dog units) 
was given prior to etherization, the remaining 4 at approximately 
15-minute intervals during anesthesia. It has been shown that in- 
travenous injections of adrenal cortical hormone must be repeated 
at frequent intervals to produce a prolonged effect (Thorn®”). 


* Aided by a grant (to Dr. M. I. Gregersen) from the Rockefeller Foundation. 
tRockefeller Fellow in Medicine. 


1 McAllister, F. F., Proc. Am. Physiol. Soc., in press. 


2 Swingle, W. W., Pfiffner, J. J., Vars, H. M., Bott, P. A., and Parkins, W. M., 
Science, 1933, 77, 58. 


3 Harrop, G. A., Weinstein, A., Soffer, L. J., and Trescher, J. H., J. Exp. Med., 
1933, 58, 1. 


¢ The adrenal cortical extract used in these experiments was supplied by Dr. 
David Klein of the Wilson Laboratories, Chicago. 


4Gregersen, M. I., Gibson, J. J., and Stead, E. A., Proc. Am. Physiol. Soc., 
1935, 113, 54. 


5 Gregersen, M. I., to be published. 
§ ‘Dog units’’ refers to an assay standardized on adrenalectomized dogs. 


6 Thorn, G. W., Garbutt, H. R., Hitchcock, F. A., and Hartman, F. A., Endo- 
crinology, 1937, 21, 213. 


7 Thorn, G. W., Proc. Soc. Exp. Bron. AND Mep., 1937, 36, 361. 
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In 5 experiments, repeated intravenous injections of adrenal cor- 
tical extract, in every case, modified the reduction in plasma volume 
which is consistently produced by ether anesthesia. When a delay 
of 4 or more minutes occurred between the initial dose of extract 
and the application of ether, the plasma volume first decreased and 
then with successive injections quickly returned to normal. When 
anesthesia was induced immediately after the first dose of extract, the 
initial reduction did not occur and the normal plasma volume was 
maintained. The results of a series of experiments on one of the 
dogs are presented in Table I. 


TABLE I. 
Effect of Adrenal Cortical Hormone on Plasma Volume During Etherization. 


Decrease in Plasma 
Volume during 


Dog No. Date Weight Ether Anesthesia Remarks 
kg. ce 
2M Dec. 10 14.9 90 10. 0 Control 
2M Jan. 4 15.4 95 10.4 hes 
2M Jan. 26 16.4 90 9.7 4 
2M Mar. 17 15.8 0 0 Adrenal Cortical Hormone* 


* A total of 2,800 dog units was administered intravenously in 5 doses. 


Four of the animals showed, on recovery, either a maintenance of 
their normal plasma volume or a rise above it. The fifth animal 
suffered a gradual reduction in plasma volume beginning near the 
end of anesthesia and continuing for 2 hours thereafter. Such reac- 
tions may normally occur after etherization and are probably not 
due to the cortical extract. 

Determinations of plasma sodium and chloride were made on blood 
samples drawn immediately preceding, during and 3 hours follow- 
ing anesthesia. No significant difference was noted in the concen- 
tration of these electrolytes in the serum of control animals as com- 
pared with those treated with the hormone. 

Conclusion. Preliminary experiments demonstrate that repeated 
intravenous injections of adrenal cortical extract may act to preserve 
the normal plasma volume under ether anesthesia. 
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Goitrogenic Effect of Dietary Fat. 


Mary ELizABETH C. RoGERS AND HENRY C. ECKSTEIN. 


From the Department of Biological Chemistry, University of Michigan Medical, 
School, Ann Arbor. 


Marine? believes that thyroid activity may be more necessary for 
oxidation of fats than of carbohydrates. Harington® suggests that 
fats, especially unsaturated ones, may interfere with iodine absorp- 
tion by the thyroid. Chidester*® states that unsaturated fats absorb 
iodine from the body. Few positive experiments have been reported 
to support these beliefs. McCarrison’ found that diets excessively 
rich in proteins and fats caused thyroid enlargement in pigeons. The 
Mellanbys* noticed that puppies receiving cod-liver oil as their only 
fat had small, normal thyroids, but with other fats there was always 
some hyperplasia, which was intensified when the amount of dietary 
fat was increased. Levine and Remington,’ in a comprehensive 
review, do not refer to the goitrogenic action of fats. 

White rats, weighing about 50 gm., were kept in cages which pro- 
hibited coprophagy. The diets are given in Table I. Olive and 
cocoanut oils were chosen so that the effects of relatively saturated 
and unsaturated fats might be compared, olive oil being a typical 
unsaturated fat, and cocoanut oil, saturated. The salt was the usual 
Osborne and Mendel”® mixture, except that the potassium iodide 
was decreased. The salt mixture of diets A and B contained 13.5 
mg. of potassium iodide per 500 gm., as compared with 4.6 mg. in 
diets Cand D. The 2 diets containing olive oil differed only in the 
content of iodine. Levine, Remington, and von Kolnitz™ have found 
that 1-2 gammas of iodine per day are sufficient to prevent goiter 
in the rat. The iodine in our salt mixtures supplied an excess well 
over the minimum requirement. (Table II.) The iodine content of 

1 Marine, D., Phystol. Rev., 1922, 2, 521. 

2 Harington, C. R., Lancet, 1935, 228, 1199. 

3 Chidester, F. E., Med. World, 1935, 53, 649. 

4 Chidester, F. E., Am. Med., 1934, 40, 162. 

5 Chidester, F. E., Science, 1932, 75, 286. 

6 Chidester, F. E., Med. World, 1935, 58, 167. 

7 McCarrison, R., Indian J. Med. Research, 1919, 7, 633. 

8 Mellanby, E., and Mellanby, M. J., J. Physiol., 1921, 55, Proc. Physiol. 
Soe., vii. 

9 Levine, H., and Remington, R. E., J. Chem. Ed., 1933, 10, 649. 

10 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, 15, 317. 

11 Levine, H., Remington, R. E., and von Kolnitz, H., J. Nutrition, 1933, 6, 347. 
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the other dietary constituents was not determined. Vitamins were 
supplied by brewer's yeast, viosterol, and caritol.* At the end of 
50-60 days, the rats were killed and the thyroids were removed, 
weighed immediately, and then preserved in formalin for histo- 
logical study. 


TABLE I. 
Diet Protein Fat Carbohydrate Salt Mixture 
Jo Jo J Jo 
A Casein 18 Olive oil 28 Cornstarch 50 4 
B Zhe #4 Cocoanut oil ”’ va de 4 
Cc a o Olive oil 22 2 =H) 4 
D ey 79 None ae 78 4 


Histological examinationt revealed no pathology, and showed 
that the glands were essentially alike regardless of the sex of the rat 
or the type or amount of fat fed. They showed a cubical acinar 
epithelium of normal appearance and an abundant storage of col- 
loid, probably near the upper limit of the normal. 


TABLE II. 
Aver. Daily iodine Thyroid Thyroid per 
Diet No. of rats daily gain intake* wt., 100 gm. body wt,. 

gm. gamma mg. mg. 

A 5 2.02 6.55 16.3 10.3 
(1.77-2.17)t  (5.98-6.60) (11.1-30.9) (7.3-19.5) 

B 4 1.72 6.90 15.1 10.5 
(1.42-1.87) (6.60-7.22) (13.7-18.0) (9.7-12.8) 

C 5 2.27 2.43 20.6 10.6 
(1.78-2.62 ) (2.06-2.68) (17.0-24.0) (9.8-12.4) 

D 5 2.19 3.79 16.7 8.6 
(1.73-2.87) (3.51-4.54) (13.5-19.0) (7.0-10.4) 


*This comprises iodine content of salt mixture only. ; 
+The figures in parentheses represent the extremes of individual variations in 


each group. 


Table II shows that the degree of saturation of a fat is not a 
factor in thyroid enlargement. A comparison of the thyroids of 
animals fed a diet of low iodine and high fat content (Diet C) with 
those of animals fed a diet low in its iodine content but containing 
no added fat (Diet D), indicates a slightly increased weight of the 
thyroids of Group C (an increase of approximately 20% ). How- 
ever, this is hardly significant, since Levine, Remington, and von 


* The authors are indebted to the S.M.A. Corporation, Cleveland, Ohio, for the 


supply of caritol. 
+ The authors are indebted to Dr. Carl V. Weller of the Department of Pathol- 


ogy of the Medical School of the University of Michigan, for the histological 
examination of the thyroid glands. 
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Kolnitz’? have shown that rat thyroids 400-1000% above the nor- 
mal weight can be produced by a goitrogenic diet. 

Since this work was completed, Remington has reported, at the 
April, 1937, meeting of the American Chemical Society, that neither 
saturated nor unsaturated fats, up to a level of 13% of the diet, have 
any measurable effect upon the size, dry matter, or iodine content of 
the thyroid gland. Our results are in accordance with his. Under 
the conditions of our experiments, neither the type nor the amount 
of fat in the diet had any demonstrable influence upon the weight 
or histology of the thyroid. 
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Observations on the L-Organism of Klieneberger. 


Louis DIENES AND GEOFFREY EDSALL. 


From the Department of Pathology and Bacteriology, and the Anaphylaxis 
Laboratory, Massachusetts General Hospital, Boston. 


The streptobacillus moniliformis, under various names, has been 
reported to occur in rats in pulmonary disease,»** otitis media,* and 
as inhabitant of the nasopharynx ;’ in mice, as an agent of systemic 
disease ;” © * in humans, in fevers following the bite of rats or other 
small animals,°** or as an epidemic’ or isolated’** infection of 
variable transmission. A similar organism has been observed by 
Smith in pneumonia of calves. All organisms described in the 


above reports are characterized morphologically by huge bulbous or 


12 Levine, H., Remington, R. E., and von Kolnitz, H., J. Nutrition, 1933, 6, 325. 

1 Tunnicliff, R., J. Inf. Dis., 1916, 19, 767. 

2 Jones, F. S., J. Hap. Med., 1922, 35, 361. 

3 Klieneberger, E., and Steabben, D. B., J. Hyg., 1937, 37, 143. 

4 Nelsqn, J. B., J. Inf. Dis., 1930, 46, 64. 

5 Strangeways, W. I., J. Path. and Bact., 1933, 37, 45. 

6 Levaditi, C., Selbie, R. F., and Schoen, R., Ann. Inst. Pasteur, 1932, 48, 308. 

7 Mackie, T. J., Van Rooyen, C. E., and Gilroy, E., Br. J. Exp. Path., 1933, 
14, 132. 

8 Schottmiller, H., Derm. Woch., 1914, 58 (Supp.), 77. 

9 Blake, F. G., J. Hap. Med., 1916, 23, 39. 

10 Dick, G. F., and Tunnicliff, R., J. Inf. Dis., 1917, 23, 183. 

11 Scharles, F. H., and Seastone, C. V., New Eng. J. Med., 1934, 211, 711. 

12 Parker, F., Jr., and Hudson, N. P., Am. J. Path., 1926, 2, 351. 

18 Levaditi, C., Nicolau, S., and Poincloux, P., Compt. Rend. Acad. Sci., 1925, 
130, 1188. 

14 Smith, T., J. Hap. Med., 1918, 28, 333. 
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club-like swellings, which appear early in a developing culture, and 
later make up a large part of it. These swollen forms gained 
great theoretical importance when Klieneberger’’ observed that they 
really represent an organism separate from the bacillus, which could 
be cultivated and grown alone, showing no reversion to bacillary 
forms in the 2 years of observation. Furthermore, the properties 
of this organism (designated “L” by Klieneberger) differ in many 
respects from those of bacteria and fungi, and resemble the curious 
organisms of pleuropneumonia bovis and of agalactia. The L-or- 
ganism being very soft and fragile, its real form is difficult to as- 
certain. It is known, however, to be very pleomorphic, exhibiting 
large disc-like forms, small filter-passing granules, and filaments of 
greatly varying size. Thus we have an entirely new type of ob- 
servation before us: The cultures of a bacillus causing disease both 
in animals and in man appear to consist of 2 organisms, one of 
which shows properties associating it with organisms usually classed 
with the filtrable viruses. Recently Klieneberger*® has found that the 
pleuropneumonia-like organism is frequently found alone, without 
the bacillus, in the lung-abscesses of rats. In contrast, however, 
all observations indicate that the streptobacillus cannot be freed of 
the characteristic swollen forms of the L-organism. 

In the course of some studies on rats undertaken in the Anaphy- 
laxis Laboratory, the opportunity arose to make some observations 
upon the symbiont present in cultures of Streptobacillus monilifor- 
mis. These observations confirm Klieneberger’s work and extend 
the knowledge of the pathogenicity of the L-organism. The middle 
ear of a rat showing typical “‘twisting’’ was opened, and the small 
amount of pus found therein was planted on a medium similar to 
that recommended by Klieneberger’’ (centrifuged boiled blood agar 
added to an equal volume of horse serum). In 2 to 3 days about 
half a dozen typical Streptobacillus moniliformis colonies developed 
on the plate. The remainder of the plate was densely covered with 
tiny colonies corresponding to those of Klieneberger’s L-organism. 
Impression-preparations of the bacillary colonies always showed 
the bacteria clearly, but bacterial forms were never found in the 
first or subsequent subcultures of the L-organism. These have been 
maintained pure and viable by frequent transfer for 5 months to 
date (May, 1937), and have been submitted to several animal pas- 
sages. The L-organism has preserved its peculiar character and has 
not reverted to a bacterial form. 

Another strain of the organism was obtained, in association with 


15 Klieneberger, E., J. Path. and Bact., 1935, 40, 93. 
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various bacillary forms, from a gastric abscess in a rat. We exam- 
ined also about 12 large and small abscesses in rats’ lungs, and found 
repeatedly in the sticky pus the short filamentous forms seen first 
by Tunnicliff,* and identified later with the L-organism by Kliene- 
berger.* But neither in solid nor liquid media, nor by mouse-inocu- 
lation could we obtain any growth of these organisms, although in 
3 cases the streptobacillus grew out. 

A strain of particular interest because of its source was obtained 
from an excised suppurating Bartholin’s gland from a human pa- 
tient. On ascitic agar the pus yielded a very dense growth of L- 
forms, without any accompanying bacteria. The patient was a labo- 
ratory worker coming in frequent contact with rats. The clinical 
description of this case will be reported elsewhere.*° 

Klieneberger published no data concerning the pathogenicity of 
her cultures. Our cultures possessed a marked pathogenicity for 
white mice. We injected white mice subcutaneously and intra- 
abdominally with small pieces of agar containing a dense pure 
growth of tiny L-colonies, ground and suspended in saline. The 
mice died in from one to 10 days. Animals dying in approximately 
one to 3 days showed no pathologic changes except a very slight 
pleural exudate. Mice dying later showed abundant clear pleural 
exudate, and in some animals a thick subcutaneous edema developed 
over the whole ventral surface of the body. In animals injected 
intraabdominally, more or less peritonitis and peritoneal exudate 
were also present, and some of these animals also developed subcu- 
taneous edema. from the pleural, peritoneal and subcutaneous 
exudates the L-organism grew abundantly in pure culture, but no 
organisms were demonstrable in the exudate by direct microscopic 
examination, using either the dark field, or various staining methods. 
The heart’s blood was sterile in all cases except one, dying within 24 
hours, which yielded a few L-colonies. It is interesting to note that 
the disease produced by the pure L-organism differs in some respects 
from that ascribed to the streptobacillus in previous observa- 
tionse see 

The pathogenicity of the L-organism for mice is not uniform. 
Our first strain when first tested killed 2 mice in 4 days. After 2 
animal-passages death occurred only after 5, 6 and 10 days. Some 
fully grown white mice, previously employed in pneumococcal typ- 
ing, showed no symptoms following injection of L-organism sus- 
pensions. The mice dying in 1 to 3 days, on the other hand, were 


16 Dienes, L., and Parsons, L., to be published. 
17 Van Rooyen, C. E., J. Path. and Bact., 1936, 48, 455. 
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hali-grown animals raised in the laboratory. Twelve mice injected 
subcutaneously with large amounts of pus from the lung-abscesses 
of rats developed no signs of any infection. Thus it is possible that 
both the condition of the strain and of the animal influences the 
pathogenic action. 


5 
~*~. *= 


Fie. 1. Hie. 2. 
Fig. 1 shows the colonies of L-organism. Original plate from pus found in 


middle ear of a rat. (About 50 x.) 
Fig. 2, impression preparation from similar colonies; dark background with 


mercurochrome (1000 x). 


Our observations concerning the morphology of the L-organism 
confirm those of Klieneberger. We have never seen bacillary or 
coccal forms in the L-type cultures. The L-form is distinguished 
morphologically from the accustomed forms of bacteria and fungi 
by its great fragility and pleomorphism. Our cultures in most 
instances seemed to consist only of disc-like forms of different sizes. 
But sometimes, both in our strains and in one furnished by Kliene- 
berger, filaments were present in abundance. The connection be- 
tween the streptobacillus and the L-organism is entirely obscure. 
The morphologic development of streptobacillary colonies rather 
suggests that the L-form, if it is not a derivative of the bacillus, is 
either a parasite or an internal symbiont thereon, and not simply an 
admixture to the culture. The large, swollen forms seem to arise by 
a direct transformation of the bacteria and at first there is no evi- 
dence for their independent multiplication. Their subsequent inde- 
pendent growth in the culture, however, shows that they are not the 
degenerative products of the bacteria, as suggested by Van Rooyen,*' 
but are a definite viable form of organism. 
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Summary, In confirmation of Klieneberger’s observation, the 
L-organism was cultivated from rats. It was also cultivated from 
a human suppurating lesion. The strains were morphologically and 
culturally similar to those of Klieneberger, and maintained their 
character during 2 to 5 months’ observation. The L-organism 
exerts a definite pathogenic action on mice. 
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Effects of Minute Amounts of Lead in the Diet of the Dog. 


M. K. Horwitt* anp GEORGE R. COWGILL. 


From the Laboratory of Physiological Chemistry, Yale University School of 
Medicine, New Haven, Conn. 


The observation that 100 mg. of lead per kilo of diet did not 
cause any apparent change in the growth, blood and reproductive 
performance of the rat,’ led to the extension of the study to another 
species, namely, the dog. Two litters of 3 puppies each were divided 
into 3 groups, so that one dog from each litter was in each group, 
aud fed a diet containing 41.2% casein, 29.4% sucrose, 18.3% lard, 
7.2% butter, 2.6% bone ash and 1.3% of Cowgill-Karr salt mix- 
ture.” Seventy grams of dried yeast and 10 gm. of cod liver oil were 
added to each kilo of diet. Measured amounts of lead acetate were 
mixed with the salts so that the increment of lead for each group 
was 0, 25 and 100 mg. of lead per kilo of diet, respectively. The 
puppies grew well on this ration. Litter I, born of a 12-kilo mon- 
grel, gained an approximate average of 1500 gm. per month and 
litter II, born of a fox terrier, gained about 700 gm. per month. 
The added lead in the diets of groups 2 and 3 did not seem to affect 
the comparative growth of the dogs. One dog in group 3 was a bit 
smaller than its litter mates, but this animal was quite plump and 
its decreased size probably was due to the fact that it had more of a 
smaller breed in its genetic constitution. 

Weekly examinations were made of the blood of each dog for 
hemoglobin content, erythrocyte count and basophilic granulations 
(stippling) when stained with Wright’s blood stain. 


* Lead Research Fellow. 


1 Horwitt, M. K., and Cowgill, G. R. In process of publication, Reported at 
Meetings of the American Society of Biological Chemists at Memphis, April, 1937. 
2 Cowgill, G. R., J. Biol. Chem., 1923, 56, 725. 
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After 225 days on the experimental diet, the hemoglobin contents 
of the blood of the dogs in gm. % were 13.7 and 13.3 for group 1, 
13.7 and 13.3 for group 2, and 12.3 and 12.2 for group 3. The 
erythrocyte count expressed in millions of cells per cubic mm. of 
blood was 6.30 and 6.10 for group 1, 6.60 and 6.80 for group 2, and 
8.91 and 7.59 for group 3. No stippled cells were found until after 
2 months on the experimental diet when a considerable amount of 
basophilic stippling became apparent in both dogs from group 3 
(102 mg. per kilo). This apparent disagreement with the sugges- 
tion by Aub, et al.,* that dogs’ blood does not stipple may be ex- 
plained by the fact that we were dealing with puppies which because 
of their youth, were probably more susceptible to lead. No stippled 
cells were found in the blood of the dogs in groups 1 and 2. 

The observation that the comparative increase in erythrocytes in 
group 3 was not associated with a corresponding increase in the 
hemoglobin content of the blood indicates that the individual ery- 
throcytes were deficient in hemoglobin. 

After 7 months on the experimental diet one of the dogs in group 
3 became ill quite suddenly with bloody diarrhea and severe colic 
contractions. The dog was sacrificed, a rib removed for lead analy- 
sis, and representative sections of the brain, lung, kidney, and in- 
testines saved for pathological analysis. A few days later the 2 dogs 
on the control diet developed an upper respiratory iniection. At this 
time all of the remaining 5 dogs were sacrificed and sections of their 
organs saved for analysis. Table I presents the results of analysis of 
samples of blood taken from the dogs prior to death together with 
the results of the lead analysis of the ribs.* 

The animal from group 3 which became ill had 230 mg. of lead 
per kilo of bone and had ingested the highest amount of lead. This 
was the only animal whose tissues on examination showed any path- 
ological changes that might be interpreted as lead poisoning and even 
in this animal the changes were doubtful. 


TABLE I. 

Comparison of Lead Content of Blood and Bones with Amounts of Lead Ingested. 

Group 1 Group 2 Group 3 

2 mg./kilo 27 mg./kilo 102 mg./kilo 
Mg. lead per kilo of blood 40 .36 62 45 67 42 
Mg. lead per kilo of bone 6.1 13.5 36.7 69.8 230. 198. 
Gm. lead ingested .094 .066 1.269 756 4.59 2.86 
Age of dogs in days 232. 292. 232, 293. 226. 295. 
Final wt., kg. 12.5 5.0 12.8 5.5 9.3 5.0 


3 Aub, C. A., Fairhall, T., Minot, A. S., and Reznikoff, P., Medicine Mono- 
graphs, 1926, 7, 139. 
4 Description of authors’ method to appear in J. Biol. Chem., July, 1937. 
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Except for the appearance of occasional stippled erythrocytes, 
the other dog in group 3 was apparently normal. A neurological 
examination? failed to show anything abnormal in any of the dogs. 
X-ray examination of the bones of all the animals was made during 
various stages of growth in an effort to detect lead deposition, but 
it was not possible to notice any significant differences between the 
X-ray photographs of the dogs. 
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Effect of Vitamin E Deficient and Muscular Dystrophy-Produc- 
ing Diet on Metabolism of Guinea Pigs. 


E. L. Woop anp H. M.. HINEs. 
From the Department of Physiology, State University of Iowa. 


It has been found’? that excised skeletal muscle from animals 
exhibiting nutritional muscular dystrophy shows an increased con- 
sumption of oxygen. The thyroid glands from rats deprived of 
vitamin E are markedly hypoplastic.* Endocrine gland disturbances 
have frequently been observed in clinical muscular dystrophy. 

This report is concerned with the results of metabolic rate deter- 
minations made upon guinea pigs kept on diet 13 of Goettsch and 
Pappenheimer* supplemented by 8 cc. of fresh tomato juice daily. 
This diet is deficient in vitamin E and also allows the development of 
muscular dystrophy. Ten young guinea pigs (5 male and 5 female) 
served as experimental animals. Control guinea pigs of the same 
age were selected from the same stock and kept upon a diet of grains, 
alfalfa and lettuce. Measurements of oxygen consumption were 
made at a room temperature of 28°C. in a multiple closed circuit ap- 
paratus (Benedict).*° The determinations were made at approxi- 
mately one week intervals. A total of 116 determinations were made 
on the experimental animals and 55 on the control group. Food was 
withheld for 24 hours before each experiment. The presence of the 
typical lesions of experimental muscular dystrophy was established 
by examination of the skeletal muscle removed at necropsy. 


t We are indebted to Dr. James C. Fox, Jr., for making this examination. 
1 Victor, J.. Am. J. Physiol., 1934, 108, 229. 

2 Madsen, L. L., J. Nutrition, 1936, 11, 471. 

3 Singer, E., J. Physiol., 1936, 87, 287. 

4 Goettsch, M., and Pappenheimer, A. M., J. Exp. Med., 1931, 54, 145. 

5 Benedict, F. G., J. Nutrition, 1930, 3, 161. 
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TABLE I. 
Ce. Og used per M2 of 
Body wt. in gm. Surface Area per Hr. 
oF = aN a 
Days on Maxi- Aver. 
Exper. Condition Diet Initial mum Terminal Initial Final all tests 
Controls 118 258 511 495 6278 
Males, Diet 13 69 342 422 386 6897 6574 6314 
Females, Diet 13 102 278 412 390 6193 6645 6433 


The data (Table 1) show that no significant difference exists be- 
tween the metabolic rates, expressed as cc. of O, used per hour per 
square meter of surface area, of control and dystrophy animals. 
Furthermore, the rates of oxygen utilization by the animals in the 
early days of the experiments were essentially the same as that found 
in the terminal experiments on the same animals. 

If an endocrine disturbance existed in such animals, reared under 
the above conditions, it was not of such a nature or degree as to be 
reflected in their rates of oxygen utilization. These observations on 
the intact animal offer no explanation as to the cause of the increased 
oxygen consumption by excised skeletal muscle from animals under 
similar dietary conditions. 

Summary, Guinea pigs reared on a vitamin E deficient diet and 
exhibiting typical experimental muscular dystrophy show normal 
metabolic rates as determined by oxygen consumption measurements. 
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Recovery of Influenza Virus from Chicago Epidemic. 


J. Marton CLampir ann F. B. Gorpon. (Introduced by G. M. 
Dack. ) 


From the Department of Bacteriology and Parasitology, University of Chicago. 


In the original isolation of the virus of human influenza, ferrets 
were used as the experimental animal. Later it was found that 
after a few passages in ferrets the virus became pathogenic for 
young white mice.” Since some of the strains required only one or 
2 ferret passages before becoming pathogenic for mice, numerous 
attempts have been made to infect mice by means of material taken 
directly from patients. Francis and Magill* have recently succeeded 


1 Smith, W., Andrews, C. H., and Laidlaw, P. P., Lancet, 1933, 2, 66. 
2 Andrews, C. H., Laidlaw, P. P., and Smith, W., Lancet, 1934, 2, 859. 
3 Francis, T., and Magill, T. P., Proc. Soc. Exp. Brot. AND Mep., 1937, 36, 132. 
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in infecting mice with patients’ nasal washings concentrated by 
ultracentrifugation. The disease in mice is characterized by loss of 
appetite, respiratory difficulty, malaise, and death usually by the fifth 
day. Lung consolidation with a mononuclear cell infiltration 1s the 
essential feature of the autopsy findings. 

Using direct mouse inoculation we were able to recover a filterable 
infectious agent, identified as human influenza virus, from each of 
9 specimens of sputum and nasal washings. These were obtained 
from 7 patients during a small epidemic of influenza in Chicago 
early in December, 1936. The material was collected 12 to 72 hours 
after onset, taken to the laboratory, ground with powdered glass and 
emulsified with veal infusion broth. After light centrifugation the 
supernatant material was used for inoculation of mice, according to 
the method originated by Shope* in his work with swine influenza. 
This consists of placing the nose of the anesthetized mouse under 
the surface of the inoculum for several breaths. Inoculations of 
passage mice were made in the same manner by means of a heavy 
emulsion of lung tissue. Four to 6 young mice were used for each 
of the original inoculations and 3 for each subsequent passage. The 
mice were sacrificed at 5-day intervals and the lungs examined for 
gross lesions. For the first passages pooled material from all of the 
lungs were used for inoculum. Later only consolidated portions 
were used. The strains varied in producing initial consolidation ; 
the earliest appeared in the 3rd passage, the latest on the 8th. Five 
to 13 passages were necessary before consistent complete consolida- 
tion was produced, usually with death by the fifth day. After be- 
coming adapted, a!l 9 strains produced identical results in mice. The 
gross and microscopic pathology were similar to that of lungs in- 
fected with a known influenza virus. 

Evidence that this condition was caused by a filterable agent con- 
sists of the following: (1) Aerobic and anaerobic cultures of the 
lungs were usually negative after the first passage. A gram negative 
rod was cultured inconstantly. (2) Eight of the 9 strains have been 
filtered through a Berkefeld N candle, the filtrate producing con- 
solidation in all cases. No aerobic or anaerobic bacteria could be 
cultured from the filtrate. (3) Two of the strains have been stored 
in 50% glycerin for 3 months without noticeable loss in virulence. 

A control series was run exactly as in the original isolations except 
that an emulsion of a normal mouse lung was used as the first inoc- 
ulum. No consolidation has occurred in 9 passages. Intraperitoneal 
injection of mice with an infectious lung emulsion had no effect, 


4 Shope, R. E., J. Exp. Med., 1935, 62, 561. 
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which indicates that the virus of ectromelia, an infectious disease of 
mice, is not present. 

The circumstances of isolation and the pathology produced sug- 
gested that we were dealing with human influenza virus. Positive 
identification was accomplished by means of cross neutralization 
tests with a known human influenza virus, the PR8 strain. Antisera 
were obtained by intraperitoneal inoculation of the various strains 
into rabbits. For the test equal parts of a 2% emulsion of consoli- 
dated lungs and dilutions of antisera were mixed and incubated for 
30 minutes at 37°C. Three mice were inoculated intranasally with 
each mixture. On the seventh day all survivors were sacrificed and 
the lung consolidation recorded. The results of the test are given in 
Table I. From these results our strains tested to date seem to be 
identical serologically with the PR8 strain. 


TABLE I. 
Results of Cross Neutralization Tests with Strains of Influenza Virus from 
Chicago Epidemic. 


Antisera Viruses 
= 
Strain Dilution PR8 W2 Pe 
PR8 1/1 Wy OO 0,70 0 oY © @ 
1/5 O70; 0 0 0 0 OF ORO 
1/25 OOO ie ea) le se 3 
1/125 04 4 Ome ay me ee 
w2* A. OmOs 6 0, OG 
Lio 0) 0 x OW @ 
1/25 Oy etal ily ale, wal 
1/125 24 4 3 4 4 
IPes a Oy @ Oo @ @ 
W/5 OmOy xO OF OO 
1/25 Oe A (ell eee 
IV ALIPAS 4 4 4 Bu dae’ 
V.1.B: 4 4 4 4 4 4 44 4 
N.R.S. 4 4 4 4 4 4 444 


Bach number represents one mouse and refers to the degree of lung consolida- 
tion. — no consolidation. 4 = total consolidation. . 

V.LB. = veal infusion broth. N.R.S. = normal rabbit serum. 

*Strains isolated from Chicago epidemic. 


Summary. <A filterable agent has been recovered from sputum 
and nasal washings of patients in the acute stage of influenza. This 
was accomplished by direct intranasal inoculation of mice. Evi- 
dence has been produced which indicates that the strains are human 


influenza virus. 
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The Metabolism of Pathogenic Yeasts.” 


THEODORE E. FRIEDEMANN AND EVANGELINE E. STENHOUSE. 


From the Laboratory of Chemical Bacteriology and the Section of Dermatology, 
Department of Medicine, University of Chicago. 


Frequent reference is made in the literature* to the fermentation 
of sugars by pathogenic yeast-like organisms. Cultures of such or- 
ganisms in sugar-rich media may evolve much CO, and have a 
“beery” odor. Quantitative data as to the extent of the alcoholic 
fermentation are not, as far as we are aware, available. 

The organisms were obtained from various sources, as indicated in 
Table I. We are particularly indebted to Dr. H. C. Hesseltine for 
identification of organisms 4 to 14 inclusive. Six of these were 
identified as Monilia albicans and 5 as Momilia candida, 

The medium contained one percent of peptone (Difco), 0.3% of 
meat extract, 0.2% of KH.PO,, traces of CaCl, and MgSOu, enough 
NaOH to bring the reaction to pH 7.6, and 5% of glucose. The 
glucose, in 20% solution, was autoclaved separately. Four liters of 
this medium were prepared at one time and mixed thoroughly with 
the sugar immediately after autoclaving. Exactly 200 cc. were then 
pipetted into tall 8 oz. dispensing bottles. With the exception of 
the brewers’ yeast, organism 1, which was incubated at room-tem- 
perature, the cultures were kept 48 hours at 37.5°C. Exactly 20 ce. 
of N H.SO, were then added to stop metabolic activities. The bottles 
were kept in the refrigerator until analyzed. The following analyt- 
ical methods were used: Glucose, Shaffer-Somogyi;’ ethyl alcohol, 
Friedemann and Ritchie;* lactic acid, Friedemann and Graeser.* 
The total acids were determined by titration of 25 cc. samples with 
0.1 N NaOH after 15 minutes of rapid aération with CO,-free air. 
The gases were qualitatively examined for CO, and hydrogen. 

The results shown in the table represent the decrease in sugar and 


“This study was supported by a grant from the Bartlett Memorial Fund, 
University of Chicago. 

1 Castellani, A., Arch. Derm. Syphilis, 1928, 17, 61; Zinsser, H., and Bayne- 
Jones, S., Textbook of Bacteriology, D. Appleton-Century Co., 7th edition (1934). 

2 Shaffer, P. A., and Hartmann, A. F., Biol. Chem., 1920-21, 45, 365; Peters, 
J. P., and Van Slyke, D. D., Quantitative Clinical Chemistry, Baltimore, 1932, 
2, 465. 

3 Friedemann, T. E., and Ritchie, E. B., Proc. Soc. Exp. Bron. AND Mep., 1933, 
30, 451. 

4 Friedemann, T. E., and Graeser, J. B., J. Biol. Chem., 1933, 100, 292. 
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increase in alcohol and total acidity as compared with the uninocu- 
lated acidified medium. 

No increase whatsoever of lactic acid was noted in any of the 
cultures. All of the organisms produced acids, but the quantity 
was small and variable. From 4.5 to 9.4 cc. N acid with an average 
of 7.0 cc. was produced by the non-pathogenic yeasts. The 12 cul- 
tures of monilia produced from 3.4 to 14.6 cc. N acid, with an aver- 
age of 5.6 cc. The chief products of metabolism were CO, and ethyl 
alcohol. The average yield of alcohol from the 3 non-pathogenic 
yeasts was 94%. Excluding the results from organism 11, the 
monilia yielded 90% of alcohol. Cryptococcus hominis yielded 92% 
of alcohol. 

Conclusions. The principal products of 13 pathogenic yeasts 
(12 monilia and Cryptococcus hominis) in a buffered peptone-meat- 
extract medium, with 5% glucose, were ethyl alcohol and CO2. The 
yield of metabolic products was identical with that from 3 non- 
pathogenic yeasts. 
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I. Quantitative Measurement of Coproporphyrin and Total 
Coproporphyrin I Excretion in Normals. 


K. Dosriner, W. H. Strarn anp S. A. Locauio. (Introduced by 
C. P. Rhoads. ) 


From the Department of Medicine, The University of Rochester School of Medi- 
cine and Dentistry, Rochester, New York. 


Coproporphyrin I is excreted in the urine and feces under normal 
and most pathological circumstances.» ** In order to determine 
the relations between normal and abnormal pigment construction and 
destruction it has been necessary to develop an adequate method for 
the exact quantitative separation and measurement of porphyrins. 
Urine and feces were collected for one- to 3-day periods and kept 
in the dark. After careful mixing aliquot portions were analyzed. 
Not less than 50 gamma of coproporphyrin should be available for 
measurement; normally this amount is present in about half the 
daily amount of urine and about one-quarter of the daily feces. The 

1 Dobriner, K., J. Biol. Chem., 1936, 118, 1. 

2 Dobriner, K., J. Biol. Chem., in press. 

3 Watson, C. T., J. Clin. Invest., 1935, 14, 110; 1936, 15, 327. 
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remaining urine and feces were extracted for determination of melt- 
Ing points. 

The reaction of the aliquot was made negative to Congo red by 
10% sodium acetate. One-third of the volume of glacial acetic acid 
was added and the mixture shaken 3 times with 3 volumes of ether. 
The combined ether extracts were washed twice with dilute sodium 
acetate solution and the total porphyrin extracted quantitatively 
with 5% HCl. With sodium acetate and acetic acid the porphyrin 
was driven again into ether and extracted repeatedly and quanti- 
tatively from the ether after washing with dilute sodium acetate 
by equal volumes of 0.5% HCl. The 0.5% HCl was diluted to 
0.2%, shaken repeatedly with alcohol-free chloroform until the 
chloroform was colorless. In the 0.2% solution only coproporphy- 
rin is present. This is driven quantitatively into ether by means of 
sodium acetate and acetic acid. The ether was washed twice, ex- 
tracted 3 times with small quantities of 5% HCl. These extracts 
were combined and brought to volume. A volume was chosen which 
gave a concentration of porphyrin about the same as the standard 
solution. 

For the standard solution a 1.0 mg. % coproporphyrin I solution 
in 5% HCl was used. For the quantitative estimation a photo- 
electric colorimeter was employed (Goudsmit and Summerson*). 
Since traces of pigment are occasionally present which can be re- 
moved only with loss of porphyrin a combination filter from Corn- 
ing Glass No. 349 and No. 429 was employed, allowing light 5320 to 
6000 Angstroms. Calculations may be made according to the usual 
methods of colorimetry. Check determinations are in agreement 
provided the extraction methods are uniform. 

Quantitative determinations of urinary and fecal porphyrins were 
made in 5 normal adult patients over 9-day periods. The hemato- 
logic pictures and the amounts of urobilin excreted were within the 
normal ranges, indicating that the construction and destruction of 
respiratory pigments were in equilibrium. The daily excretions of 
coproporphyrin I varied moderately. The daily average excretions 
of coproporphyrin I are listed in Table 1. The average of at 
least 6 consecutive daily determinations can be accepted as signifi- 
cant. The average values for the 5 adult cases studied fall within 
the same range, with a mean deviation of +10%, whereas in the case 
of a child the values were somewhat lower. 

Type I porphyrins cannot be derived by degradation of any of the 
known respiratory pigments, which are all Type III compounds. 


4 Goudsmit, A., and Summerson, W. H., J. Biol. Chem., 1935, 111, 421. 
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TABLE I. ; 
Quantitative Coproporphyrin I Excretion in Gammas in Average Daily Values for 
9-day Period. 


Case R.B.C.in  Hgb., gm. Coproporphyrin in gammas 
No. Age Sex millions perl00ce. Urinary Fecal Total 
1 12 F 4.5 15 35 191 226 
4 21 M 4.6 13 87 231 318 
2 25 M 4.5 15 123 205 328 
5 33 M 4.59 14.4 102 274 376 
3 35 M 5.08 15.9 121 241 362 
6 72 M 4.3 14.8 64 242 306 


They must be formed by synthesis of simple pyrrol complexes.’ The 
simultaneous construction of Type I and Type III porphyrins, a phe- 
nomenon described in humans,’ dogs,® and yeasts,’ is called the 
dualism of the porphyrins. 

Experimental observations as well as theoretical considerations 
suggest the following working hypothesis. Jn vitro porphyrins 
are formed by combination of substituted pyrrols to suitably 
constructed pyrromethenes. Two pyrromethenes are then con- 
densed to porphyrins and mixtures of isomeric compounds are ob- 
. tained. Jn vivo by enzymatic action or otherwise porphyrin syn- 
thesis is directed to the formation of large amounts of Type III por- 
phyrins and a small amount of Type I porphyrin. Physiologically 
there is a direct proportion between the construction of Type II 
and Type I porphyrins. Simple increased or decreased Type III 
porphyrin construction associated with hematopoietic activity leads 
to a proportionally increased or decreased Type I porphyrin con- 
struction and excretion. Coproporphyrin-I excretion may, there- 
fore, be an index of hematopoietic activity. In certain pathological 
states this fixed relation is disturbed so that a disproportionate 
Type-I construction occurs.’ Finally, faulty construction or utili- 


zation of Type III compounds may lead to the production of Type 
III porphyrins. 


5 Fischer, H., Verhandl. deutsch. Ges. inn. Med., 1935, 45, 7; Handbuch der 
normalen u. pathologischen Physiologie, Berlin, 1928, 6, 164; 1982, 18, 148. 

6 Dobriner, K., Proc. Soc. Exp. Bion. AnD Mep., 1937, 36, 757. 

7 Dobriner, K., Localio, S. A., and Strain, W. H., J. Biol. Chem., 1936, 114, 
XXVI. 
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II. Coproporphyrin I Metabolism and Hematopoietic Activity. 


K. Dosriner, W. H. Srratn, S. A. Locatio, H. KEurtMANN AND 
D. I. STEPHENS. (Introduced by C. P. Rhoads.) 


From the Department of Medicine, The University of Rochester School of Medi- 
cine and Dentistry, Rochester, New York. 


In a previous communication concerning the porphyrin excretion 
in normal individuals’ we have briefly outlined a concept of the 
dualism of the porphyrins, stating that in certain pathological con- 
ditions increased or decreased Type III porphyrin construction asso- 
ciated with hematopoietic activity may lead to a proportionally in- 
creased or decreased Type I porphyrin construction and excretion. 
This communication presents data which bear out this concept. 

A classical case of hemolytic jaundice with 1,600,000 R.B.C., 
4.5 gm. of hemoglobin per 100 cc., 21,000 nucleated R.B.C., 5,800 
W.B.C., 10% reticulocytes, icterus index 30, Van den Berg (indi- 
rect) 3.1 mg.%, and markedly increased R.B.C. fragility was 
studied. The patient was maintained throughout the period of ob- 
servation on a bland diet containing small amounts of meat. After 
3 blood transfusions splenectomy was performed, following which 
R.B.C. increased to 2,500,000, hemoglobin to 9.0 gm. per 100 cc., 
the reticulocytes decreased to 2%, and the icterus index decreased 
to 10. Porphyrin and stercobilin excretion were followed quantita- 
tively before and after operation. 

In the 7 days previous to operation the average daily value for 
urinary and fecal coproporphyrin was 718 micrograms. The ster- 
cobilin averaged 407 mg. during the same period. During the first 
6 post-operative days the total coproporphyrin I excretion averaged 
648 micrograms per diem. In the same period the stercobilin values 
fell rapidly to 157 mg. per day. The average coproporphyrin excre- 
tion for the next 6 days was 371 micrograms and the stercobilin 
73 mg., both within normal range. 

These data strongly indicate that physiologically increased hem- 
atopoietic activity is accompanied by increased coproporphyrin I 
excretion. The excretion reverts to normal coincident with de- 
creased hematopoietic activity. 

A second patient with hemolytic jaundice, followed for 20 days 


1 Dobriner, K., Strain, W. H., and Localio, 8. A., Proc. Soc. Exp. Bron. anp 
Mep., 1937, 36, 752. 
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and not operated upon, showed a daily average total coproporphyrin 
I excretion of 652 micrograms. 

To prove these data further we investigated quantitatively the 
coproporphyrin I output in therapeutic hemolysis in a case of poly- 
cythemia vera. The patient, a known polycythemia vera with char- 
acteristic bluish-red discoloration of the skin and mucous mem- 
branes, enlarged spleen, and R.B.C., hemoglobin, hematocrit, blood 
volume, and viscosity increased to polycythemia levels, received a 
total of 1.4 gm. of phenylhydrazine-HCl over a 7-day period. This 
resulted in a decrease of the R.B.C. from 7,700,000 to 4,070,000, 
hemoglobin from 18.0 to 10.5 gm. per 100 cc., hematocrit from 59 
to 36, and viscosity from 7 to 3.8. The icterus index increased from 
7 to 30 and the reticulocytes from 1.0 to 5.0%. Throughout the 
study the patient was maintained on a constant diet. 

During the 6 days prior to therapy the average daily total copro- 
porphyrin I excretion was 371 micrograms and the stercobilin 143 
mg. No significant changes in porphyrin or stercobilin values were 
observed during the first 3 days of therapy. In the next 3 days 
there was however a definite rise of the stercobilin from 148 to 254 
mg. a day, the porphyrin values remaining unchanged. On the 
seventh day of treatment destruction of hemoglobin was manifested 
by falling blood hemoglobin. During this period the coproporphyrin 
I excretion rose to 739 micrograms and there was a simultaneous 
rise in the reticulocytes. The previous elevated stercobilin values 
reached a peak of 836 mg. These values decreased slightly during 
the remaining 18 days of observation. 

The final evidence was derived from study of a patient manifest- 
ing decreased hematopoietic activity. Severe anemia was associated 
with a neurocytoma of the adrenal with massive metastasis to the 
bones and destruction of bone marrow. The coproporphyrin excre- 
tion averaged only 131 micrograms per day during a 7-day observa- 
tion period. 

Three patients exhibited increased coproporphyrin I excretion 
during periods of increased hematopoietic activity. One patient 
showed a return to normal excretion following splenectomy and 
coincidental with return to normal hematopoiesis. A fourth pa- 
tient showed a decreased coproporphyrin I excretion associated with 
decreased hematopoiesis. It is concluded that the production and 


excretion of coproporphyrin I is parallel to the physiological hemato- 
poietic activity. 
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Excretion of Porphyrin by Dogs. 


Konrap Dosriner. (Introduced by C. P. Rhoads.) 


From the Department of Medicine, The University of Rochester School of Medi- 
cine and Dentistry, Rochester, New York, and from the Hospital of the Rockefeller 
Institute for Medical Research, New York. 


Certain qualitative and quantitative studies concerning the excre- 
tion of porphyrins have been published previously.” The existence 
of a constant ratio between the production of coproporphyrin I and 
of the Type III porphyrin compounds as reflected by hematopoietic 
activity has been suggested by those studies. A series of experi- 
ments on animals has been made which supports further this sug- 
gestion. 

The methods of separation and quantitative measurement of the 
excreted porphyrins are those which have been described pre- 
viously.*** For the studies, fistule between the gall-bladder and 
renal pelvis were made in 4 dogs by the method of Harvey.® The 
animals were fed a constant diet and were kept in metabolism cages. 
All the urine and feces passed was collected, using toluol or chloro- 
form as a preservative. The blood values were normal according to 
the figures of Scarborough.‘ Experience has shown that determina- 
tions of porphyrin excretion made during periods of less than 10 
successive days are valueless. 

In all the animals coproporphyrin as well as a small amount of 
protoporphyrin was excreted in both urine and feces. The copropor- 
phyrin was identified in all instances as coproporphyrin I by melting 
point determinations. From these facts the dualism of the porphy- 
rins as shown by the constant excretion of a different type of por- 
phyrin from that which is required for the construction of the 
respiratory pigments is established for dogs. 

Quantitative determinations of the total urinary and fecal copro- 
porphyrin excretions were made on 2 normal dogs with bile-renal 


1 Dobriner, K., J. Biol. Chem., 1936, 1138, 1. 

2 Dobriner, K., J. Biol. Chem., in press. 

3 Dobriner, K., Proc. Soc. Exp. Bion. AND MED., 1936, 35, 175. 

4 Dobriner, K., Strain, W. H., and Localio, 8. A., Proc. Soc. Exp. BioL. AND 
Mep., 1937, 36, 752. 

5 Dobriner, K., Strain, W. H., and Localio, S. A., Proc. Soc. Exp. BIoL. AND 
Mep., 1937, 36, 755. 

6 Kapsinow, R., Engle, L. P., and Harvey, S. C., Sur. Gynec. and Obstet., 1924, 
39, 62. 

7 Scarborough, R. A., Yale J. Biol. and Med., 1930, 3 and 4. 
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fistule. Although the daily total excretion varied greatly, the daily 
averages of 10-day periods fell within the same range. The first 
animal was observed from May, 1936, to August, 1936, a total of 
110 consecutive days, and showed daily averages coproporphyrin I 
excretion of 445, 332, 304, 316, 330, 291 micrograms during the 
first 6 consecutive 10-day periods. The high first value is attributa- 
ble to the fact that during the first 10-day period the animal was fed 
dog bile containing coproporphyrin.* During the remainder of the 
experiment the animal received ox bile which did not contain copro- 
porphyrin. Simultaneous bile-pigment studies showed an average 
daily total pigment excretion of 92, 83, 86, 97, 128, 118 mg. The 
second animal showed comparable daily average total coproporphy- 
rin I excretion values for 10-day periods 195, 187, 181, 189 micro- 
grams. Since the animals were of different sizes and the total cir- 
culating hemoglobin in the first dog was greater than that of the 
second animal, hemoglobin construction and destruction in the first 
animal, although normal, was actually greater. Since the copropor- 
phyrin I excretion seems to be proportional to the total construction 
of hemoglobin under normal conditions, it is not surprising that the 
first dog excreted a larger amount of coproporphyrin I. This is 
similar to the previously reported findings in normal adults and 
children. 

These experiments on animals maintaining a constant hemoglobin 
level, and consequently a constant respiratory-pigment destruction 
and construction, show constant daily average total coproporphyrin 
I excretion. These findings further demonstrate the direct propor- 
tion between Type I porphyrin excretion and Type III porphyrin 
construction in normal individuals. 

In order to prove further that coproporphyrin I excretion is not 
related to blood destruction, but is parallel to normal hematopoietic 
activity, the following experiment was undertaken. At the begin- 
ning of the seventh period the first animal was given a total of 1450 
mg. of acetylphenylhydrazine over the period of 18 days. The 
hemoglobin gradually decreased from 120% at the onset of treat- 
ment to 55% on the twentieth day, then gradually rose to 112% 
during the succeeding 35 days during which time treatment was 
omitted. Shortly after the administration of phenylhydrazine was 
begun the bile-pigment excretion increased from a daily average of 
118 to 263 and 548 mg. during the two 10-day periods of treatment. 
The bile-pigment excretion then slowly decreased, averaging 307, 


* About 70% of intravenously administered coproporphyrin I is excreted in 24 
hours. 
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136, and 66 mg. daily respectively during the remaining three 10-day 
periods without treatment. 

Coproporphyrin I excretion remained constant during the first 12 
days of phenylhydrazine therapy and then increased suddenly on 
the thirteenth day to twice its normal value. During the first 10 
days of therapy the average was 306 micrograms per diem. There 
was an increase to 655 and 608 micrograms per day during the 
eighth and ninth 10-day periods respectively and a decrease to 348 
and 269 during the tenth and eleventh 10-day periods. The por- 
phyrin excreted during the period of increased blood construction 
was characterized as coproporphyrin I. A rapid increase in hemo- 
globin production was observed simultaneously with the increased 
porphyrin excretion, making it necessary to increase the phenyl- 
hydrazine dosage in order to maintain the anemia level. 
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In chart I the experimental results are summarized and indicate 
that there is no relation between coproporphyrin-I excretion and 
blood destruction; on the other hand they demonstrate that there is a 
very close relationship between coproporphyrin I excretion and 
hematopoietic activity (Type II porphyrin compound construction). 
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Conclusions—1. Coproporphyrin I is excreted at a constant rate 
in normal dogs, proving the existence of the dualism of the por- 
phyrins in that animal. 2. Experimental evidence is given that 
coproporphyrin I excretion seems to be directly proportional to and 
a measure of hematopoietic activity. 3. Coproporphyrin I is not a 
product of or related to blood destruction. 

I wish to express my gratitude to Dr. W. B. Hawkins for allow- 
ing me to make use of his dogs and to include his blood and bile pig- 
ment values in this study. 
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Inactivation of Bacteriophage by Ethyl Alcohol. 


CHartotre A. COLWELL. (Introduced by Arthur I. Kendall.) 


From the Department of Research Bacteriology, Northwestern University Medical 
School, Chicago. 


General agreement has prevailed among investigators that phage 
freed from a major portion of extraneous materials is more suscep- 
tible to inactivation by physical and chemical agents than is crude 
broth phage. One exception to this statement has been noted. Bron- 
fenbrenner’ reported that phage free from nitrogen as determined 
by Nessler’s reagent or ninhydrin was not weakened in lytic activity 
when mixed with 10 volumes of alcohol and left for 8 days at 22 
to 25°C., although broth phage was inactivated under similar con- 
ditions in a very short time. Since Kligler and Olitzki? have re- 
ported that the presence of protein delays the inactivation of phage 
by alcohol and Callow*® found that both purified and broth phages 
were inactivated by alcohol after 3 days in the refrigerator, cor- 
roboration of Bronfenbrenner’s findings appears to be worth record- 
ing. 

Bacteriophage for a strain of B. coli was purified from lysogenic 
cultures by a method recently described.* Purified phages used in 
these experiments contained between 0.3 and 0.5 mg. of nitrogen per 
100 cc. as determined by the microkjeldahl method of Koch and 
McMeekin.” Homologous crude broth phage was adjusted to ap- 
proximately the same titer and pH (6.3). Each kind of phage was 

1 Bronfenbrenner, J., Proc. Soc. Exp. Biot. AND MED., 1926, 24, 372. 

2 Kligler, I. J., and Olitzki, L., Brit. J. Exp. Path., 1931, 12, 393. 

3 Callow, B. R., J. Infect. Dis., 1927, 41, 124. 


4 Colwell, C. A., Proc. Soc. Exp. Brot. AND Mep., 1937, 86, 100. 
5 Koch, F. C., and MeMeekin, T. L., J. Am. Chem. Soc., 1924, 46, 2066. 
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mixed with an equal amount of 95% ethyl alcohol and allowed to 
stand in corked test tubes at room temperature. Titrations of both 
samples for phage content were made by the serial dilution method 
in broth every hour for 5 hours and after 16, 18, 24, 48, 72, 96 
hours and 5 days. 

It was found repeatedly that although the titer of broth phage 
fell to 10* or 10° in one hour and completely disappeared in 2 to 4 
hours, the purified phage still had a titer of 10° after 6 hours, 10° 
after 24 to 48 hours and 10° after 72 hours. After 4 days, 2 cc. of 
the phage-alcohol mixture contained no detectable phage, although 
the titer of an aliquot of the same phage mixed with sterile distilled 
water instead of alcohol maintained under the same conditions was 
still 10%. Inactivation of the purified phage therefore occurred 
earlier in this work than in that of Bronfenbrenner previously 
quoted, owing perhaps to slightly different conditions; but the 2 
experiments illustrate the same principle, namely, that purified 
phage, contrary to general opinion, is more resistant to inactivation 
by ethyl alcohol than is crude broth phage. 

Brontenbrenner believes the more rapid inactivation of broth 
phage by alcohol to be due to the precipitation of carrier particles 
of the phage. When the carrier particles are removed by purifica- 
tion, the phage itself is not so readily inactivated. No alternative 
explanation of the greater resistance of purified phage to alcohol 
presents itself at the present time. 


TABLE I. 
Inactivation of Bacteriophage by Alcohol. 
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Effect of Hydrogen Peroxide on Methemoglobin. 


Ropert D, BARNARD. (Introduced by C. I. Reed.) 


From the Laboratory of Therapeutics, University of Illinois, College of Medicine. 


Barnard and Gowen! reported that the addition of hydrogen per- 
oxide to methemoglobin solutions resulted in the formation of 
oxyhemoglobin. This change was considered to be in harmony 
with that deduced from the relative redox potentials of the hydrogen 
peroxide-oxygen system and the methemoglobin-oxyhemoglobin 
system. 

Keilin and Hartree? subsequently showed that the addition of 
hydrogen peroxide to methemoglobin solutions led to the formation 
of a substance which they characterize as a methemoglobin peroxide 
compound. 

Because of the discrepancy between the results of Barnard and 
Gowen and those of Keilin and Hartree the question was reinvesti- 
gated. It was found that the observations of the latter investigators 
could be confirmed when the methemoglobin used was prepared by 
the oxidation of hemoglobin with ferricyanide. However when 
methemoglobin is prepared by the oxidation of hemoglobin with 
quinhydrone the addition to it of hydrogen peroxide results in the 
formation of oxyhemoglobin. That this latter compound was actu- 
ally oxyhemoglobin and not a substance with similar absorption 
bands was demonstrated by treatment with carbon monoxide when 
CO-hemoglobin resulted. 

In a typical experiment, a sample of a 0.5 millimolar oxyhemo- 
globin solution (molarity in this case refers to iron molarity) is 
divided into two portions. Each of these portions is placed in the 
chamber of a double spectrophotometer vessel at the collimator of a 
Hillger spectrophotometer. The telescope slit of the spectrophoto- 
meter is opened to its maximum extent. The photometer is adjusted 
so that these two solutions cast spectra of corresponding intensities, 
one above the other—the absorption bands are of course identical 
since they emanate from identical solutions. 

To the contents of the upper chamber, a small quantity of pow- 
dered quinhydrone is added, sufficient to change the upper spectrum 
to that of methemoglobin (about 3 milligrams suffices for the usual 


Se eee eee 
1 Barnard, R. D., and Gowen, G. H., Proc. Soc. Exp. Bion. anD MeEp., 1931, 
29, 521. 


2 Keilin, D., and Hartree, E. F., Proc. Roy. Soc. B, 1935, 117, 1. 
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contents of one chamber). There are now two distinct spectra, one 
of methemoglobin above and one of oxyhemoglobin below. 

When a drop of 3% hydrogen peroxide solution is instilled into 
the methemoglobin solution in the upper chamber, the upper spec- 
trum immediately reverts to that of oxyhemoglobin, identical in 
intensity and in coincidence of bands with the spectrum of unaltered 
oxyhemoglobin below. 

The passage of illuminating gas through both chambers causes a 
change of both spectra to that of carbon monoxide hemoglobin and 
again these bands are identical in position and intensity. 

The experiment proves that the compound formed, in this in- 
stance, by the reaction of hydrogen peroxide on methemoglobin is 
actually oxyhemoglobin and not a compound with superficial sim- 
ilarity of absorption bands. 

The opinion is advanced that it was a mixture of oxyhemoglobin 
with the methemoglobin-peroxide compound that led Haurowitz® 
to the statement that the reaction product of methemoglobin and 
peroxide resembled in its spectroscopic appearance NO-hemoglobin. 


9390 P 
The Comb of the Baby Chick as a Test for the Male 


Sex Hormones. 


Ropert T. FRANK AND EMANUEL KLEMPNER.* 
From the Laboratories of the Mount Sinai Hospital, New York City. 


This report describes a method of utilizing the 6-day chick in the 
bio-assay of the male sex hormone, of androsterone particularly. 
Much of this study was occupied in eliminating pitfalls which ob- 
scured assay. Ruzicka’ first suggested the chick as a test object, 
utilizing external application to the crest region as described by 
Fussganger.? The latter claimed that external application of an 
extract containing only 1/50 of a capon unit gave a reaction as great 
as 50 times this amount, given intramuscularly to the capon. 

The white leghorn responds best. Chicks younger than 6 days 
show a high mortality. Ten days’ treatment has been found the best. 


3 Haurowitz, F., Z. Physiol. Chem., 1931, 198, 9. 

* Joseph Brettauer Research Fellow in Gynecology. 

1 Ruzicka, M. L., Bull. Soc. Chimique de France, 1935, 5, t. 2, 1497. 

2 Fussgiinger, R., Mediz. u. chem. Abteil. aus den med. chem. Forschung- 
stitten der I. G. Farbenindustrie Act. Ges., 1934, 2, 1934. 
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One-half-inch mesh screen must be used as flooring to automatically 
eliminate droppings. Controls must be segregated to avoid both 
contact and the possibility of swallowing droppings. Failure to 
avoid this mistake is evident in our earlier controls which showed 
comb reactions. (See Graph S 1, S 2, S 4.) Only “chick starting 
mash” and plenty of water are required. Crowding must be avoided. 
Sick and underweight chicks rarely respond well or uniformly. Ten 
chicks were found to be an adequate number for each group. Sex 
of chick plays a minimum réle, although males tend to give a slightly 
higher response in comb weight. 

Suggested technic. From the 6th day on, groups of 10 chicks 
were treated once daily with given amounts of crystalline andro- 
sterone dissolved in 0.1 cc. of sesame oil (the same sample of sesame 
oil has been used throughout all experiments). The oil was applied 
by means of a blunt hypodermic needle attached to a tuberculin 
syringe, 1/20 cc. along the base of each side of the comb. The 
amount of oil used is so smal! that it does not spread or soil the 
chick. The daily treatments were continued for 10 days. The 
chicks were then killed with chloroform on the following day, the 
17th day after birth. 

Immediately after death the chick is weighed. The comb is now 
removed by making bilateral cuts close to and along the base of the 
comb down to the skull with a sharp knife. The comb is then freed 
by undercutting directly on the skull. It is weighed to mg. at once 
to avoid loss of weight by drying. Body weight, comb weight, and 
sex are recorded. The average comb weight of each group of 10 
chicks is recorded graphically. 

Sesame oil and Progynon B gave no reaction. Testosterone pro- 
prionate and dihydro-androsterone gave some reactions but no 
attempt at careful titration was essayed in this study. Male urine 
extracted by the method of Gallagher, Koch and Dorfman*® gave 
definite response. 

The graphs show high comb weight of the controls in Series 1, 2, 
and 4, in which no attempt to segregate the controls was made. The 
opposite applies to Series 3, 5 and 6 in which the controls were care- 
fully isolated. 

We are not yet prepared to offer a characteristic curve of re- 
sponse. According to Butenandt* 150-200 y of crystalline andro- 
sterone equals one capon unit. The following examples demonstrate 


3 Gallagher, T. F., Koch, F. C., Dorfman, R. I., Proc. Soc. Exp. Bron. AND 
Mep., 1935, 33, 440. 

4 Quoted from F. C. Koch, J. Urol., 1936, 85, 382: ‘‘Not until 1933 did he 
(Butenandt and his associates) obtain enough material to establish its formula 
correctly as CygHgqO, and its potency as 150-200, per capon unit.’’ 
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the results obtained with this technic: 100 y androsterone in 10 
chicks gave an average comb weight (c.wt.) of 277.1 mg. (heaviest 
377, lightest 188) ; 200 y androsterone in 10 chicks, average c.wt. 
329.7 (heaviest 520, lightest 140). Twenty-seven untreated isolated 
controls, average c.wt. 49.1 mg. (heaviest 83, lightest 23). 

The delicacy of the reaction is evidenced particularly when small 
dosage is employed (see flattening of ascent above 200 y of andro- 
sterone). Twenty-two untreated controls, average c.wt. 39.3 mg. 
(heaviest 110 mg., lightest 12 mg.). Ten chicks, total dose 20 y 
androsterone (0.1 c.u.) a.c.wt. 164.4 (heaviest 230, lightest 97). 
Ten chicks, total dose 40 y androsterone (0.2 c.u.) a.c.wt. 179.5 
(heaviest 260, lightest 110). Ten chicks, total dose 80 y androster- 
one (0.4 c.u.) a.c.wt. 237.7 (heaviest 380, lightest 170). 

We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the male 
sex hormones used in this investigation. 
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Effect of Pituitary Hebin upon Reproductive System of the 
Chick Embryo.* 


L. V. Dom anp E. A. DENNIS. 
From the Whitman Laboratory of Experimental Zoology, the University of 
Chicago, and the Department of Biology, American University. 


In previous experiments we found that, as a result of the daily 
injection of pituitary hebin in chicks over relatively short periods, 
testes and ovaries revealed considerable hypertrophy and as a result 
of this hypertrophy sexual ducts and head furnishings developed 
precociously.1_ However, in none of the treated female chicks, nor- 
mal or ovariotomized,* did we observe a comparable response on 
the part of the rudimentary right gonad. In fact this organ re- 
vealed very little, if any, growth macroscopically even after rela- 
tively prolonged treatment, a rather significant fact in view of the 
pronounced response by the left ovary. We were, therefore, inter- 
ested, among other things, in determining whether it was entirely 
nonresponsive to the gonad-stimulating principle of the hypophysis 
or whether it could be induced to respond significantly by treatment 
during the earlier embryonic period either before, or shortly after, 
morphological differentiation of gonads occurred. 

Incubating eggs received single and repeated injections of pitui- 
tary hebin, the age of the egg at the time of injection determining 
whether the hormone was injected into the albumen or into the 
allantoic cavity. The volume of hormone injected varied from 0.05 
to 0.3 cc. and the dosage from 5 to 30 rat units. Injections, which 
varied from one to 6 in number, were made at varying ages, daily 
or on alternate days, the earliest beginning at 48 hours and the 
majority terminating on the 9th day. In a few experiments injec- 
tions were begun as late as the 12th and 14th day and terminated on 
the 16th day. Developmient was allowed to continue until the 18th 
day when surviving embryos were taken from the shell and exam- 
ined, and material of interest was fixed for subsequent study. The 
eggs used were of 2 varieties; pure-bred, single-comb, light brown 
Leghorn and a hybrid variety resulting from a Rhode Island Red- 
Barred Plymouth Rock cross. In the latter the sex of the embryo 
can be determined by a sex-linked plumage character. 

A total of 1055 Leghorn eggs were treated from which 218 living 
" * This investigation has been aided by a grant from the Rockefeller Foundation 
to the University of Chicago. 


1Domm, L. V., Transactions on the Dynamics of Dev., 1935, 10, 67. 
2Domm, L. V., Proc. Soc. Exp. Bion. AND Mep., 1933, 31, 356. 
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embryos were recovered, 101 males and 117 females. Nine hundred 
and forty-seven hybrid eggs were treated, of which 453 embryos 
were recovered, 217 males and 236 females. We found that mor- 
tality increased with increasing number of injections and with in- 
crease in the volume of single injections, but decreased with ad- 
vancing age of the embryo. The pure-bred Leghorn was found to 
be less viable than the hybrid variety. The sex ratio of treated em- 
bryos recovered showed that females were slightly in excess of males. 
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Fig. 1. 

Left—Urinogenital system of control female, hybrid embryo, 18th day of 
incubation. Right—Treated female hybrid embryo of same age which received a 
total of 25 R.U. of pituitary hebin in 5 equal daily injections. Injections began 
on 5th day and terminated on 9th. rr—Right rudimentary gonad. lo—Left 
ovary. wb—Wolffian body. wd—Wolffian duct. Im—Left Miillerian duct. 
rm—Remnant of right Miillerian duct. 
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Examination of females revealed hypertrophy of gonads which, 
though variable, was especially noticeable where higher dosages had 
been injected. While the response of the ovary was striking and sig- 
nificant, that of the rudimentary right gonad was particularly so 
since hypertrophy of this organ had not been previously encoun- 
tered in our post-embryonic pituitary hebin injections. This condi- 
tion, while also variable, was very pronounced in some of the cases 
receiving higher dosages. A study of results in the male indicates 
that while testes have responded by increases in size, they have not 
responded as frequently nor rarely to the same degree as did the 
ovary. Gonadal response of both sexes was more pronounced in the 
hybrid variety than in the pure-bred Leghorn. The age at which 
injections began did not seem to modify results, for the gonads of 
both sexes revealed hypertrophy when injections began as late as the 
12th or 14th day. Miillerian and Wolffian ducts do not reveal a 
comparable response; in fact, histological study shows that they 
have hypertrophied very little, if at all. Likewise, no response could 
be observed in the head furnishings of either sex. 

A considerable number of the gonads of both sexes have been 
studied histologically and a brief statement concerning results will 
be of interest. Treated testes reveal a noticeable hypertrophy of 
interstitial tissue which is not infrequently vacuolated in character. 
Tubules are no larger nor more advanced than those of controls. 
They appear to be less numerous in treated testes due to the greater 
abundance of interstitial tissue. In some cases small intratubular vac- 
uoles occur in many of the tubules and this combined with a vacuo- 
lated interstitial tissue contrasts strikingly with the more dense tissue 
in coutrol testes. 

Histologically, experimental ovaries are characterized by medul- 
lary hypertrophy particularly evident in cases receiving higher con- 
centrations. Such cases generally reveal a low, irregular, frequently 
discontinuous surface layer of cortex with medulla coming to the 
surface wherever the cortical layer is broken. The medulla consists 
of numerous medullary tubules, frequently greatly distended, and 
medullary cords. The right gonads may be divided into 2 types, viz., 
those which are relatively compact due to preponderance of medullary 
cords and a more loosely arranged alveolar type exhibiting a pre- 


t We recently observed that the head furnishings of the chick embryo may un- 
dergo marked hypertrophy when male hormone is injected during the incubation 
period. Previous studies, by others, had shown that the embryonic sexual ducts 
of the chick are likewise responsive to introduced sex hormones. It is therefore 
significant in the present experiments, where gonads have undergone such marked 
hypertrophy, that sexual ducts and head furnishings reveal no perceptible response. 
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ponderance of medullary tubules. The alveolar type may be rec- 
ognized macroscopically due to its honeycomb appearance. Inter- 
mediate types occur. In a number of cases small areas of cortex 
were encountered on the surface of the right gonad. 
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Permeability of Blood-CNS Barrier in Experimental Poliomye- 
litis as Determined by the Nitrate Test.* 


Epwin H. LENNETTE AND Harotp R. REAMEs. (Introduced by 
G. M. Dack.) 


From the Department of Hygiene and Bacteriology, The University of Chicago. 


The concentration of any substance in the cerebrospinal fluid de- 
pends to a large extent upon its concentration in the blood, the pas- 
sage of such substances between these 2 systems being controlled by 
a mechanism frequently referred to as the blood-brain barrier. Since 
variations in barrier permeability patently affect the interchange of 
constituents of the 2 systems, a number of tests have been devised 
for measuring alterations in barrier permeability in central nervous 
system disturbances. One such test is that of Mestrezat and Gau- 
joux,* which depends on the passage of nitrate into the cerebrospinal 
fluid after its oral administration in the form of sodium nitrate. 
Mestrezat* believes that a high barrier permeability indicates menin- 
geal inflammation. Katzenelbogen® states that inflammatory pro- 
cesses within the cerebrospinal canal, as evidenced by pleocytosis and 
increased protein in the spinal fluid, are frequently associated with 
high barrier permeability for nitrate, although an increased permea- 
bility may occasionally be found in cases with a normal fluid. 

To determine if changes in barrier permeability occur in experi- 
mental poliomyelitis, we employed a modification of the nitrate test, 
administering the nitrate intravenously rather than orally. Rhesus 
monkeys (Macaca mulatta) in the preparalytic or paralytic stages of 
poliomyelitis following intranasal or intracerebral inoculation of the 
potent MV strain of virus constituted the test group, normal and 


* This work was supported by a grant from the President’s Birthday Ball 
Committee for Infantile Paralysis Research. 

1 Quoted by Loberg, K., Z. f. d. ges. Neurol. u. Psychiat., 1926, 106, 164. 

2 Mestrezat, W., Ann. de l’Inst. Pasteur, 1924, 38, 719. 

3 Katzenelbogen, S., The Cerebrospinal Fluid and Its Relation to the Blood, 
Baltimore, The Johns Hopkins Press, 1935, 343. 
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poliomyelitis convalescent monkeys serving as controls. Each ani- 
mal received intravenously 35 mg. of sodium nitrate per kilo of 
body weight one hour before cisternal puncture. Every specimen 
of spinal fluid was tested for globulin by Pandy’s method, and the 
cell content determined. Standard solutions of sodium nitrate con- 
taining from 10 mg. to 100 mg. per 1000 cc. were prepared from a 
1% stock solution. In performing the test, 2 cc. of Merck’s reagent 
sulfuric acid (NO; content 0.0002% ) was pipetted into the bottom 
of clean serological tubes and overlaid with 0.2 cc. of 1% diphenyla- 
mine in 75% sulfuric acid. Finally, 0.2 cc. of a standard solution or 
of centrifuged spinal fluid was added, the 2 top layers carefully 
mixed and the tubes allowed to stand until a blue ring appeared; 
the contents were then shaken to obtain a uniform distribution of 
color and the tubes containing cerebrospinal fluid were compared 
with the standards. 


TABLE I. 
Permeability of Blood-CNS Barrier to Nitrate in Experimental Poliomyelitis. 


Concentration of NOs in Cerebrospinal Fluid 
(mg. per 1000 ce.) 


History of No. of Monkeys —_— 
Monkey in Group 0-10 10-20 20-30 30-40 40-50 50-60 70-80 

Preparalytic 8 1 1 2 3 1 

Paralytic 5 il 1 1 1 1 

Convalescent 6 4 il 1 

Normal 6 2 1 al 2 

Aseptic Meningitis* 3 1 al a 


*Normal monkeys, given 2.0 cc. sterile normal horse serum intraspinally 24 
hours before test. 


As shown in Table I, the concentration of nitrate in the cerebro- 
spinal fluid varied widely in any one group of animals, ranging from 
less than 10 to more than 50 mg. per 1000 cc. in the preparalytic and 
paralytic series, and from less than 10 to more than 30 mg. in the 
normal and convalescent control animals. The production of an 
aseptic meningitis by sterile horse serumy introduced intraspinally 
24 hours before the test led to the appearance of large amounts of 
nitrate in the spinal fluid. Although the number of animals tested 
is small and chance variation in distribution cannot be ruled out, we 
believe the results indicate that a slight increase in blood-CNS bar- 
rier permeability to nitrate may occur in experimental poliomyelitis. 
The results of spinal fluid examinations for protein and cell content 
could not be correlated with the nitrate concentration in the fluid. 


Se ae eee 
+ We are indebted to Parke, Davis and Company for a generous supply of 
normal horse serum. 
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Ultracentrifugal Concentration of a Homogeneous Heavy Com- 
ponent from Tissues Diseased with Equine Encephalomyelitis. 


RALPH W. G. WYCKOFF. 


From the Rockefeller Institute for Medical Research, Princeton, N. J. 


With the demonstration of the existence of a heavy protein in 
plant tissues diseased with tobacco mosaic virus* it became inevit- 
able that similar proteins should be sought in other kinds of virus- 
infected tissues. Most viruses are more or less unstable towards 
the chemicals which would naturally be used in efforts to concen- 
trate and purify them. The air-ultracentrifuge’ has, however, fur- 
nished a new tool® which has been successful in extracting and puri- 
fying several of the less stable virus proteins causing plant diseases* 
and in preparing a similar substance’ from virus-induced rabbit 
papillomas (Shope). The same type of ultracentrifugal examina- 
tion has now been made of tissues diseased with the virus of equine 
encephalomyelitis.* 

As in the previous ultracentrifugal concentrations an angle-centri- 
fuged tissue suspension was ultracentrifuged for one to one and a 
half hours in a maximum field of ca 50,000 times gravity. All but a 
trace of the virus activity was thus sedimented. The translucent 
pellet formed at the bottom of the tube by this ultracentrifugation 
was resuspended in a suitable solvent and the aggregated colloidal 
matter thrown down by another low speed centrifugation. Ultra- 
centrifugation of this solution furnished a smaller but cleaner pellet. 
On occasion the purification of this pellet was carried further by a 
repetition of the cycle of centrifugation, ultracentrifugation and re- 
suspension. The virus of equine encephalomyelitis is not thermo- 
stable; it rapidly becomes non-infectious at room temperature and 
cannot be relied upon to preserve its activity for long periods of 
time in the icebox. Therefore all manipulations, including the ultra- 
centrifugations, were carried out without delay and in the cold. 


1 Stanley, W. M., Science, 1935, 81, 644; Am. J. Botany, 1937, 24, 59. 

2 Beams, J. W., and Pickels, E. G., Rev. Sct. Instr., 1935, 6, 299; Biscoe, J., 
Pickels, E. G., and Wyckoff, R. W. G., J. Exp. Med., 1936, 64, 39; Bauer, J. H., 
and Pickels, E. G., J. Exp. Med., 1936, 64, 503; 1937, 65, 565; Wyckoff, R. W. G., 
and Lagsdin, J. B., Rev. Sci. Instr., 1937, 8, 74. 

3 Wyckoff, R. W. G., Proc. Am. Phil. Soc., 1937, 77, 455. 

4 Stanley, W. M., and Wyckoff, R. W. G., Science, 1937, 85, 181. 

5 Beard, J. W., and Wyckoff, R. W. G., Science, 1937, 85, 201. 

* The writer is indebted to Dr. Carl Tenbroeck for the infectious material. 
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Fie. 1. 

A series of exposures showing the sedimentation of the homogeneous heavy 
component extracted from equine encephalomyelitis-diseased tissue. These pic- 
tures were taken every five minutes through a thin layer of the solution lying in a 
centrifugal field of about 15,000g. The short ultraviolet light used for photog- 
raphy was largely absorbed in the bottom heavy component-containing solution; 
the liquid above the boundary, freed of heavy particles or molecules, was more 
transparent. The time rate of descent of the sharp boundary measures the sedi- 
mentation constant of the light-absorbing substance. 


Fig. 2. 

Sedimentation photographs of the solution used for Fig. 1 after it had stood 
for a few hours at room temperature. The decreased photographic contrast across 
the sedimenting boundaries is an index of the decreased amount of the heavy 
component. The greater transparencies of the air bubbles at the very top of the 
pictures, as compared with the transparencies of the liquids above the boundaries, 
show the presence of the small ultraviolet-absorbing fragments. 


Fic. 3. 

Photographs of the solution of the 2 preceding figures after standing some- 
what more than a day at room temperature. The heavy component has nearly all 
disappeared and the heightened contrast between air bubble and liquid above the 
boundary is indicative of a further increase in the decomposition products. 


Fig. 4. 

Photographs of another preparation, less pure than that giving Fig. 1. The 
lower and sharper boundaries are due to the heavy component; the upper diffuse 
boundaries, which during the series move about one-fourth of the way down the 
cell, are due to the lighter inhomogeneous material devoid of virus activity. 
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Both the original suspensions and those resulting from the ultra- 
centrifugations were examined with an analytical ultracentrifuge 
arranged for photography according to the classical absorption 
method of Svedberg. A sharp sedimentating boundary of the kind 
to be expected from a homogeneous heavy protein or other com- 
ponent of a comparable uniformity of particle size was observed 
when 100 cc. of the especially infectious material obtained by one 
method of virus cultivation was reduced to 1 cc. through 2 ultra- 
centrifugal steps (Fig. 1). This heavy component was short-lived. 
After standing for a few hours, less of it appeared in the sedimenta- 
tion picture (Fig. 2); only a trace was to be seen after a day or so 
(Fig. 3). Its disappearance corresponds to the breakdown of the 
heavy substance; the increase in ‘‘unsedimentable” material in pass- 
ing from Figures 1 to 3 demonstrates that its fragments were small 
and still ultraviolet-absorbing. 

If the experiment was not carried out rapidly in the cold and with 
a definite sequence of suspending fluids the heavy component either 
was not found or there were present other non-homogeneous, ab- 
sorbing materials (Fig. 4) in the final concentrated suspension. The 
nature and origin of such diffusely sedimenting lighter substances 
are not entirely clear. Similar products have been encountered in the 
examination of other virus-diseased tissues under conditions which 
suggest that they arise through disintegration of either the diseased 
tissue or of the virus itself. Repeated tests have demonstrated that 
in the present experiments their amount cannot be related to the 
amount of virus activity; several totally inactive preparations con- 
tained nothing else. None of these boundaries, neither the sharp 
nor the diffusely sedimenting ones, was found when similar healthy 
tissues were subjected to control ultracentrifugation. 

A precise sedimentation constant for the heavy component has not 
been determined because its solutions have always been somewhat 
impure. The highest values, seo’ == ca 245 x 10°° cm. sec” dynes”, 
are probably nearly correct. In less pure preparations where the 
heavy component sedimented through solutions of lighter proteins, 
the apparent lowering of s supplied a useful index of the relative 
amount of this heavy component. From its sedimentation constant, 
which is of the same order of magnitude as that of the papilloma 
protein,° it is clear that if the particle is spherical and has about the 
density found for proteins and for the smaller viruses, its molecular 
weight will be around 25 million; the diameter of such a particle 
would be about 40 pp. 
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Sulfanilamide, Antipneumococcus Serum and Vitamin C Therapy 
in Type II Pneumococcal Pneumonia of Rats. 


FRANK B. Cooper AND Paut Gross. (Introduced by R. R. Mellon. ) 
From the Western Pennsylvania Hospital Institute of Pathology, Pittsburgh. 


We have reported the successful therapy of experimental Type 
III and Type I pneumococcal rat pneumonia by the oral adminis- 
tration of sulfanilamide* (/-aminobenzenesulfonamide),”* * and 
also a comparison of sulfanilamide and serum therapy, as well as 
the combination of both, in Type I pneumococcal rat pneumonia.* 

The present report is based on experiments with 2 different 
strains of the Type II pneumococcus and 162 rats. The efficacy of 
sulfanilamide was tested against these infections and compared with 
that of Type II antiserum, vitamin C,f and all possible combina- 
tions of these substances. 

All animals were infected as previously described* and treated as 
indicated under Figs. 1 and 2. Preliminary titrations showed that 
while strain II-B caused death consistently in rats in a dilution of 
1:500 in 1 to 5 days by empyema, bacteremia, and only a minimal 
pneumonia, dilutions of 1:5 (which were used in this experiment) 
were necessary to produce a lobar type of pneumonia. Dilutions of 
1:1000 of the ‘““Binda” strain regularly produced the desired lesion. 

In Experiment 1 treatment was discontinued on the 4th day be- 
cause most of the controls were dead and the lack of deaths in 
Groups D, F, G, and H had failed to show any advantage of com- 
bination therapy over sulfanilamide alone. Since the deaths that oc- 
curred in the next 5 days were evenly distributed throughout these 
groups, treatment was resumed as indicated. 

All rats, including the 15-day survivors, were necropsied and ex- 
amined as in the previous experiments." ** The results are shown 
graphically in Figures 1 and 2. 

Sections from the lungs of the fatalities, with the exceptions noted 
(Fig. 1), showed a lobar type of pneumonia of variable degree and 
in different stages of development. In the survivors, the infection 


* Kindly supplied by Merck & Co., Ine., Rahway, N. J. 

1 Gross, Paul, and Cooper, Frank B., Proc. Soc. Exp. Bron. AND Mep., 1937, 
36, 225. 

2 Cooper, Frank B., and Gross, Paul, Proc. Soc. Exp. Bron. AND MEp., in press. 


3 Gross, Paul, and Cooper, Frank B., Proc. Soc. Exp. Bion. AND MEp., 1937, 
36, 535. 


+ Kindly supplied by Chas. Pfizer and Co., New York. 
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Fie. 1. 

Infecting dose: 0.2 ce. of a 1:1000 dilution (in mucin) of an 18-hour broth 
culture of Strain Binda intrabronchially. A. Untreated control. B. Vitamin C 
10 mg. in water (freshly prepared) twice daily, by mouth. C. 300 units of Type 
II antiserum intraabdominally, daily. D. Single dose of 125 mg. sulfanilamide by 
mouth, daily. E. Combination of B and C. F. Combination of B and D. G. Com- 
bination of C and D. H. Combination of B, C and D. All initial treatments 
given 6 hours after infection. S. Treatments stopped. T. Treatments again 
started. tNo gross evidence of pneumonia. *Enteritis. 


ae 


Fie. 2. 

Infecting dose: 0.2 ce. of a 1:5 dilution (in mucin) of an 18-hour broth 
culture of Strain II-B intrabronchially. A. Untreated control. B. 250 units of 
Type II antiserum, intraibdominally for 3 consecutive days. C. Single dose of 
125 mg. sulfanilamide by mouth, daily, for 9 consecutive days. All initial treat- 
ments were given 6 hours after infection. 


was represented either by a thickening of the alveolar walls with 
associated monocytic infiltration, or by a variety of other lesions 
such as well walled-off abscesses, foci of chronic, organizing pneu- 
monia, and occasionally foci of more recently developed pneumonia. 

Experiments with both strains showed that sulfanilamide alone 
was highly efficacious in reducing the mortality of rats suffering 
from Type II pneumococcal pneumonia. Compared with the specific 
antiserum, in the doses employed, the sulfanilamide was at least as 
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effective against heavy doses of Strain II-B, and twice as effective 
as the serum against a moderate, but lethal, dose of Strain Binda. 
The average survival time of the rats that ultimately succumbed was 
2 to 3 times greater in the groups in which sulfanilamide was given 
alone or in combination, than in the groups treated only with serum. 
The combination of any 2 or of all 3 therapeutic agents gave no better 
results than sulfanilamide alone. 

Vitamin C administration alone or in combination with either the 
serum or the drug, or both, had no beneficial effect in rats; whereas 
in rabbits, Locke and Mellon* observed a marked reinforcement of 
the drug’s action, apparently through stimulation of the phagocyting 
mechanism. But in mice the sulfanilamide alone appears to over- 
come hemolytic streptococcal infections largely by its rapid mobiliza- 
tion of the clasmatocytes.° 

It should be noted that some of the deaths in Groups D, F, G, and 
H, were probably due to premature termination of the treatments on 
the 4th day. Many of the rats that died after this time showed 
pneumonias which appeared to be no older than 48 to 72 hours. 
Three of the late fatalities in these groups died of intercurrent en- 
teritis and showed a minimal residual pneumonia. 

Bacteremia, as judged from stained blood smears, was reduced 
50% to 70% in all groups of both experiments where treatment 
included sulfanilamide. In this respect, serum was effective against 
Strain II-B, but not significantly so against the Binda strain. 

Conclusions. 1. Sulfanilamide was at least as effective as specific 
antiserum, in the doses employed, in treating Type II pneumococcal 
rat pneumonia. A probable clinical application to similar human 
pneumonia is thereby suggested. 2. The combination of sulfanila- 
mide and serum was no more effective than sulfanilamide alone. 
3. Contrary to the observations in rabbits (Locke and Mellon‘), in 
rats Vitamin C alone, or in any combination tried, is ineffective. 


4 Locke, A. P., and Mellon, R. R., in press. 
5 Mellon, R. R., and McKinney, R. A., in press. 
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Growth Rates of Successive Feathers from Single Follicles in 
the Juvenile Brown Leghorn.* 


Mary JUHN. 
From the Whitman Laboratory of Experimental Zoology, University of Chicago. 


The juvenile plumages of the Brown Leghorn of both sexes pass 
through a series of changes in pigmentation during successive re- 
generations. These changes are particularly notable in the feathers 
which are present at hatching, or emerge shortly after hatching. In 
the wings and tails, for example, the first feathers to appear are stip- 
pled or mottled. The second generation of these feathers shows 
marked changes towards the adult pattern. In pigmentation, third 
generation feathers are practically identical with homologous feath- 
ers of the adult. 

It has been shown previously from this laboratory that there is a 
direct relation between the concentration of female hormone or thy- 
roxin required for reaction and rate of growth of feathers. (Juhn 
and Gustavson,* Juhn, Faulkner and Gustavson,” Lillie and Juhn®). 
There is also a definite range of growth rates characteristic of the 
feather tracts, and of individual feathers within the tract (Juhn, 
Faulkner and Gustavson, 1931). These growth relations known to 
exist in the adult suggest that the juvenile pattern types and changes 
in these types may be correlated with changes in rates of feather 
growth during successive juvenile regenerations. In order to test 
this assumption, we have determined the rates of growth of feathers 
from a number of tracts in Brown Leghorn chicks. Measurements 
of length of feathers were begun as soon as.possible after hatching, 
or appearance of feathers, and continued ovét 2 (in some cases 3) 
successive regenerations. In all cases which we have studied the 
rate of growth of the first feather from a given follicle is lowest; 
second and in many instances third generation feathers grow at in- 
creasing rates. 

The changes in rates of growth of successive feathers from a 
single follicle are well illustrated by the main tail feathers. ' These 
are present at hatching or appear shortly thereafter. Typical growth 


* This investigation was supported in part by funds from a grant by the 
Rockefeller Foundation to the University of Chicago in aid of biological research. 

1 Juhn, Mary, and Gustavson, R..G.,.J. Hap. Zool., 1930, 56, 31. 

2Juhn, Mary, Faulkner, G. H., and. Gustavson, R. G., J. Exp. Zool., 1931, 
58, 69. 
3 Lillie, Frank R., and Juhn, Mary, Physiol. Zool., 1932, 124. 
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curves for first, second, and third generation feathers from the No. 2 
follicle (counting from center of body laterally) are shown in Fig. 
1. Abscissas Tepresent time in days; ordinates give length of feathers 


200 


increase in length shown by the first feather after com 
of its growth (the dotted segment originating on the 40th day) represents growth 
by the feather of the next generation (curve 2), 
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inmm. The time of emergence of each feather has been determined 
by extrapolation of smoothed curves drawn through the indicated 
points. The numbers on curves (1, 2 and 3) denote first, second, 
and third generation feathers from the single follicle. 

The rates of growth of these feathers expressed in mm. per day 
are given in Fig. 2, curves 1, 2, and 3 referring to first, second, and 
third generation feathers. Ii is clear that there is a rapidly increas- 
ing rate of growth at comparable levels of development in successive 
feathers. A similar order of change has been found in all tail feath- 
ers of both sexes, in wing feathers (primaries and secondaries), and 
in breast feathers. 


0 10 20 30 40 50 60 70 


Fig. 2. 

Growth rate curves for first, second, and third generations from a single 
follicle. The rate curves are obtained from the smoothed curves of the preceding 
figure rather than from the original measurements. Abscissas, time in days from 
initiation of growth; ordinates, rate of growth in mm. per day. 


The change in growth level is much greater between first and sec- 
ond generation feathers (curves 1 and 2 of Figs. 1 and 2) than be- 
tween second and third generation feathers (curves 2 and 3 of Figs. 
land 2). This greater shift in growth rate between first and sec- 
ond generation feathers is correlated with a proportionately greater 
change in pigmentation pattern towards the adult type in these 
feathers. The first generation feather from the No. 2 follicle of the 
tail is buff-stippled (or buff-mottled) from apex to base. The sec- 
ond feather from this follicle is typically stippled only at its apex; 
the remainder of the feather is solid black. The third feather is 
usually solid black. There is thus a well defined correlation between 
pigmentation pattern and shifts in rates of growth through the juve- 
nile succession in this particular case. 

The length of successive feathers grown from a single follicle 
increases in approximately the order of shift in growth curves (com- 
pare lengths shown by curves 1, 2, and 3 of Fig. 1). 


780 PARALYSIS IN OLD RATS 


The correlation described here between rate of growth and pig- 
mentation (and feather length) is based strictly upon successive 
feathers from a single follicle. Feathers composing a given tract, 
as for example the main tail sequence, do not emerge simultaneously. 
The last feather of the first generation sequence to appear resembles 
the second generation feather from the follicle first in order of emer- 
gence. The second generation feather of any follicle must accord- 
ingly be compared with the first generation feather from that follicle 
alone. In the breast regions first generation feathers emerge rela- 
tively late. These feathers are accordingly much more similar to the 
adult type than are the first generation tail feathers which bear no 
resemblance whatever to the black adult feather. In terms of the 
view previously put forward, the specific pigmentation pattern found 
in a given feather appears to be a function of its rate of growth. 
The results described here are taken to support this earlier interpre- 
tation of the role of growth rates in the determination of pigmenta- 
tion patterns. 
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Paralysis in Old Age in Rats on a Diet Deficient in Vitamin E.* 


G O. Burr; W. R. Brown anp R: L..MosEzEy,. 


From the Departments of Botany and Anatomy, University of Minnesota. 


On January 3, 1935, a group of rats, just weaned, were put on a 
highly purified fat-free basal diet, 550-B.* Supplements consisted 
of British Drug House vitamin A, viosterol, and yeast from which 
practically all fat had been removed with alcohol and ether. This 
yeast proved to be slightly deficient in vitamin B, (antineuritic) and 
was supplemented with 10 gammas daily of crystalline B,. Fat defi- 
ciency symptoms soon developed and were cured by the daily addition 
of 5 drops of linseed oil. The only factor which was known to be low 
or absent was vitamin E. The animals (all females) grew moder- 
ately well, and at the end of one year had an average weight of 172 
gm. During the second year of life 3 of the 8 animals died from 
unknown causes. The survivors maintained their weight well in 
spite of the relatively high purity diet. In September, 1936, when 

“The work was aided by grants from National Live Stock and Meat Board 


and from the Research Fund of the Graduate School of the University. 
1 Burr, G. O., and Burr, M. M., J. Biol. Chem., 1929, 82, 345. 
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approximately 22 months old, all 5 rats became paralyzed with loss 
of use of their hind limbs. The average weight for the group was 
168 gm. Only one rat had lost weight; the rest were at the maxi- 
mum for their entire life. The most striking fact was the inci- 
dence of paralysis at exactly the same age in all rats. 

Efforts to effect a cure were made by increasing the yeast, the 
crystalline B,, addition of jensen’s B, adsorbed on Fuller’s earth, 
and addition of large doses of vitamin E. No method was success- 
ful, and in January, 1937, all rats had maintained their weights 
fairly well in spite of their difficulty in reaching food cups. 

The one factor which is known to have been low or absent 
throughout the experiment was vitamin E. Vitamin FE paralysis” 
is readily induced in suckling young and is known to be incurable 
(except for spontaneous cures). Rats may go through life para- 
lyzed, grow to normal size and produce normal young. Further 
experimentation may demonstrate that this old age paralysis is also 
due to vitamin E deficiency. Hitherto it has been thought that a lack 
of this vitamin had no effect on the adult female rat except to pro- 
duce sterility.T 


Fig. 1. 


Rat No. 34484 photographed at 2 years of age after being paralyzed for 2 
months. Weight 176 gm. In fair condition except for paralysis of hind limbs. 


2 Evans, H. M., and Burr, G. 0., J. Biol. Chem., 1928, 76, 273. 

+ A personal communication from Dr. H. M. Evans of California reveals that 
a similar paralysis has recently appeared in their colony. They attribute the 
effect to lack of vitamin E. 
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The nature of the paralysis is now under study by one of us 
(ROEM): 

Gross findings are briefly: (1) In ordinary movements the hind 
limbs were not used, but were dragged along, in the flaccid condi- 
tion. However, when the animal made vigorous attempts to move its 
body, the hind limbs were alternately flexed and extended, but were 
unable to support the hind part of the body, suggesting a weakness 
in the adductors of the thigh. (2) Faradic excitation of the skin of 
the intact animal showed that the sensibility to painful stimuli had 
not been affected. (3) Faradic excitation of the isolated muscles 
and larger nerve trunks of the leg and gluteal region gave normal 
responses. (4) Although normal movement of the hind limbs is 
affected, the paralysis is neither completely motor nor completely 
sensory. At autopsy the muscles of the leg and gluteal region were 
not noticeably atrophic. The sensory ganglia of the brain and spinal 
cord and the posterior funiculus of the spinal cord had a yellow 
color. From microscopic examination there are indications of path- 
ological changes which are being studied in detail. 

Pathology of the vitamin E paralysis appearing in suckling young 
has been studied by Lipshutz.* 
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Relation between Thyroid and Growth of Testes and Penis 
When Stimulated by Electric Light. 


Jacques Benoit. (Introduced by Edgar Allen.) 
From the Department of Anatomy, Yale University School of Medicine. 


Immature male ducks, when fed with thyroid tissue’? or in- 
jected with thyroxin’ become sexually stimulated. Furthermore, 
thyroidectomy delays the normal testicular growth in chickens and 
ducks* and reduces considerably the testicular growth in immature 
ducks exposed for 15 hours per day during 3 weeks, to the stimulat- 
ing action of electric light.* 

In new experiments, 10 Pekin ducks were thyroidectomized and 


3 Lipshutz, M. D., Revue Neurologique, T., 1936, 65, 221. 
1 Jaap, R. G., Poultry Science, 1933, 12, No. 5. 

2 Aron, M., and Benoit, J., C. R. S. Biol., 1934, 116, 218. 
3 Benoit, J., and Aron, M., ibid., p. 221. 

4 Benoit, J., ibid., 1936, 128, 243. 
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received the same daily illumination during periods of time longer 
than 3 weeks, in order to establish if the duration of the experi- 
ment would influence the response of the testes. Ten ducks were 
used as control animals. 

In order to see if the penis grows as fast in thyroidectomized as 
in normal animals, some more controls, the testes of which were of 
approximately the same weight as those of the thyroidectomized 
animals, were chosen. The weights of their penis were compared 
in the experimental and control animals. 


TABLE I. 
Exper. (birds Diam. of left Wt. of 2 Thyroid 
treated by testis (mm.) testes at at 
Animal Age electric Duration = autopsy autopsy 
No. (mo.) light) (days) initial final (gm.) (mg.) 
ie 
778 5 | controls 33 5.3 34.5 78.63 — 
779 5 if 3333 5.3 29.3 58.34 — 
780 5 | thyroidec- 32 5.7 9.5 2.33 0 
783 5 § tomized 34 5.3 10.4 2.99 0 
2. 
836 4 controls 40 4.7 32.5 73.07 — 
837 4 40 5 25.5 30.84 — 
830 4 4] 6 12.7 3.24 0 
833 4 thyroidec- 41 6 25.7 38.97 =O 
834 4 tomized 4] 6 13 3.11 0 
844 4 J 37 5.2 25.4 36.02 0 
3. 
823 5 ] controls 41 10 19 20.22 — 
843 4 if 45 9 32, 61.58 — 
807 5 ) thyroidec- 47 10 29.2 55.43 1 
826 6 § tomized 41 8.5 27.3 37.3 0 
4. 
818 6.5 | controls 64 8.5 36.5 90.23 —_ 
829 7 56 6.5 32. 68.27 — 
831 6.5 (| thyroidec- 61 6.5 29.5 56.77 0 
845 6.5  § tomized 60 9 25 40.25 0 


Table I shows that after 32-34 days thyroidectomy still markedly 
inhibited the growth of the testes, as described in the previous ex- 
periments conducted for 3 weeks.* This inhibition was diminishing 
after 37, 41, and 61 days. Testes weighing as much as 38.97 gm. 
and 56.77 gm. have developed after 41 and 61 days in complete 
absence of any thyroid tissue. 

Prehypophyses from normal ducks treated by light appeared to be 
rich in gonadotropic factor when implanted into immature female 
mice.° Similar implantation of prehypophyses of thyroidectomized 
and illuminated ducks showed that these hypophyses were very poor 
in the gonad stimulating factor as long as the testes were small. The 


5 Benoit, J., ibid., 1935, 118, 672. 
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amount of that factor increases when the testes are increasing in 
size. 

The weight of the penis ranged between 0.25 and 0.40 gm. in 4 
thyroidectomized ducks whose testes weighed between 2.3 gm. and 
3.2 gm. The penis of 4 untreated control animals, with testes of 
approximately the same weight, (2.3 to 3.7 gm.) weighed from one 
to 2 gm., that is to say 4 to 5 times more than in the animals under 
experiment. In experimental ducks having larger testes, that dif- 
ference exists also but is less marked (ratio =2.1 to 2.5): Six 
thyroidectomized ducks with testes from 36 to 57 gm. had penis 
weighing from 0.9 to 1.7 gm., but the penis of 5 control ducks with 
testes from 31 to 61.6 gm. weighed from 2.3 to 3.6 gm. 

Summary, Thyroidectomy exerts an inhibiting effect on the 
growth of the testis of the duck stimulated by electric light. This 
effect is very marked during 3-4 weeks, but diminishes later on. It 
is not yet possible to say if it disappears completely after a sufficient 
length of time. 

Thyroidectomy exerts also an inhibitory effect on the development 
of the penis. This inhibition is more marked and more prolonged 
than that of the testes. 


9395: P. 


Influence of Hypophysis and Thyroid Glands on the Liver 
of the Duck. 


JAcCQuEs Benoir. (Introduced by Edgar Allen.) 
From the Department of Anatomy, Yale University, School of Medicine. 


It has been shown previously that the removal of the thyroid 
glands induces a very marked hypertrophy of the liver in both male 
and female ducks, mostly through an increase of the lipids, and that 
the injection of anterior pituitary extract enhances this hyper- 
trophy.* 

Other experiments were made on 38 ducks (with 33 controls) in 
order to study the weight of the liver under different experimental 
conditions:* thyroidectomy, injections of different pituitary ex- 
tracts, of urinary extract, and of benzogynoestryl? with varying 


1 Benoit, J., C. R. Ac. Sc. Paris, 1936, 203, 468. 

* The histological and chemical analysis of the livers obtained in these experi- 
ments will be published later. 

2 Benoit, J., C. R. Ac. Se. Paris, 1934, 199, 1671. 
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degrees of illumination. The size of the testes, which depends 
upon the intensity of the illumination’ was shown to be related to 
the size of the liver. 

Table I shows that thyroidectomy is followed by a marked in- 
crease in the weight of the liver. On the other hand, this operation 
delays the testicular growth induced by illumination, as has been 
shown in another paper. When in the thyroidectomized animals 
the testes have grown to some extent, the increase of the liver is less 
marked. Such an inverse relation between testes and liver has been 
observed in the pigeon by Schooley and Riddle.* 

Anterior lobe extract induced in 2 ducks a hypertrophy of the 
liver. Extract of pregnancy urine (Antuitrin S) gave no signifi- 
cant changes, but prolactin did increase the weight of the liver.t 

The injection of pituitary extract seems to have increased the re- 
sponse of the liver in a thyroidectomized duck. A similar result had 
already been obtained in 2 thyroidectomized animals.* 

The injection of benzogynoestryl (Roussel) induced an increase 
of the weight of the liver. Further experiments will show if the 
female sex hormone secreted by the ovary is responsible for the 
heavier liver in the female than in the male (Cf. table and *). 

It must be added that neither castration nor hypophysectomy 
induced an increase in the weight of the liver (unpublished data). 

It is probable that the prehypophysis affects the growth of the 
liver. The hypertrophy of the liver caused by the removal of the 
thyroids seems due, to a certain extent, to a change in the hypo- 
physeal activity, namely stimulation of the hepatotropic function. 
Since the development of the testes and penis are lessened by re- 
moval of the thyroids* and the weights of the liver and testes vary 
inversely in both normal and thyroidectomized ducks, it is suggested 
that the gonadotropic and hepatotropic functions of the hypophysis 
act to balance each other. Finally, the possible interference of some 
disturbance of the general metabolism after thyroidectomy must not 
be overlooked.+ 


3 Schooley, J. P., and Riddle, O., Anat. Rec., 1936, 67, 51. 

4 Benoit, J., Proc. Soc. Exp. BIoL. AND Mep., 1937, 36, 782. 

{ The increased weight of the liver after injection of pituitary extracts has 
already been observed by Carraro (1908), by Cooper and Chamberlain (1925) 
(posterior lobe extract), Riddle and Flemion (1928), Riddle and Polhemus 
(1931), Schooley and Riddle (1936) (extracts containing the gonad stimulating 
factor, or growth hormone, or prolactin), and by Best and Campbell (1936) 
(anterior lobe extract). 

+ The writer wishes to acknowledge the supply of extract of pituitary and 
pregnancy urine from Parke, Davis & Co.; the prolactin from Squibb & Sons, and 
the benzogynoestryl from Dr. Roussel (Paris). 
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Hypophyseal Thyrotropic Mechanism Essential for Occurrence 
of Diabetes Insipidus in its Maximal Form.* 


ALLEN D. KELLER. 


From the Department of Physiology and Pharmacology, University of Alabama 
School of Medicine. 


The contention that d.i. does not occur in the absence of the pars 
anterior of the hypophysis has been supported by a number of recent 
investigations... Views differ, however, as to the mechanism of 
action of the pars anterior in this respect. Barnes and Regan’ and 
Biasotti® on the basis of their failure to obtain the usual diuretic 
effect of anterior lobe extract on thyroidectomized dogs suggested 
that this diuretic effect was by the thyroids through the hypophyseal 
thyrotropic principle. Mahoney and Sheehan’s* elimination of d.i. 
by thyroidectomy strongly suggested that the polydipsia and poly- 
uria of d.i. is dependent upon thyroid action. This concept has been 
questioned, to a lesser degree, by Gaebler® and White and Hein- 
becker® on the basis of their failure to duplicate in all respects Barnes 
and Regan’s and Biasotti’s results with anterior lobe extracts and 
more vigorously by Fisher and Ingram‘ on the basis of their not be- 
ing able to duplicate, with cats, Mahoney and Sheehan’s results on 
the dog. 

Even if one accepts as established that functional thyroid tissue is 
essential for the appearance of d.i. there still remains the possibility 
that the thyroid may play its role by activation of a hypophyseal 
diuretic mechanism. In an attempt to elucidate further the role 
played by the pars anterior in d.i. as well as to shed light on several 
other questions relative to the etiology of di. the experiment de- 
scribed and illustrated below was instituted. 

The abrupt elimination of a striking, well established polydipsia, 
by hypophysectomy, has been reported.“ In this same dog 7% 
months after hypophysectomy anterior lobe extract was adminis- 


* Aided by a grant from the Rockefeller Foundation. 

1 (a) von Hann, F., Frankfurt, Z. f. Path., 1918, 21, 337; (b) Richter, C. P., 
Am. J. Physiol., 1934, 110, 439; (c) Ingram, W. R., and Fisher, C., Anat. Kec., 
1936, 66, 271; (d) Keller, A. D., Noble, W., and Hamilton, J. W., Jr., Am. J. 
Physiol., 1936, 117, 46. 

2 Barnes, B. O., Regan, J. F., and Bueno, J..G., Am. J. Physiol., 1933, 105, 559. 

3 Biasotti, A., Compt. rend Soc. de biol., 1934, 115, 329. 

4 Mahoney, W., and Sheehan, D., Am. J. Physiol., 1933, 112, 250. 

5 Gaebler, O. H., Am. J. Physiol., 1935, 110, 584. 

6 White, H. L., and Heinbecker, P., Am. J. Physiol., 1937, 118. 

7 Fisher, C., and Ingram, W. R., Arch. Int. Med., 1936, 57, 1067. 
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Fie. 1. 

Solid line water intake, stippled line food intake (baloration). Ordinate, cc. 
and gm. per kilo body weight. Dog weighed 4.3 kilo. Abscissa, days after hypo- 
thalamic lesion. Hypophysectomy was performed 50 days following the hypo- 
thalamic lesion. Anterior lobe extract was administered in 1 cc. and 2 ce. amounts. 
Thyroid dosage ranged from .1 to 2.4 gm. 


tered subcutaneously in order to test the efficacy of this extract in 
precipitating a polydipsia equivalent to that present before hypo- 
physectomy. The results are graphed in Fig. 1. It is to be noted 
that the water intake increased after a latent period of 24 to 48 
hours but that the increase was progressive over a period of 12 days 
in spite of a uniform dosage of extract. This is the type of response 
one would expect if the polydipsia was the result of reactivation of 
the thyroid. Further, subsequent to the 12th day of extract injec- 
tions the polydipsia decreased progressively to normal in spite of 
continued administration of the extract. This result is again ex- 
actly the one to be expected if the polydipsia was due to activation 
of the thyroid by the thyrotropic principle because of the well- 
established fact that animals soon become thyrotropic-resistant.* 
Note also that the animal was resistant to doubling the dose of ex- 
tract and that a hypoglycemic crisis resulted in spite of continued 
injections. 

Final verification of direct thyroid action was the subsequent pre- 
cipitation of a typical polydipsia by thyroid feeding in this same 
dog. 

This experiment, we believe, supports conclusively the contention 
that a normal functioning anterior lobe of the hypophysis is essen- 


en eg a ae ne a a el ee ere ee ee 
8 Collip, J. B., and Anderson, E. M., J. Am. Med. Assn., 1935, 104, 965. 
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tial for the appearance of the d.i. in its maximal form which results 
from derangement of structures in the region of the hypophysis, and 
that the pars anterior plays its rdle through the thyroid by way of the 
thyrotropic principle. It also seems justifiable to say that the experi- 
ment further establishes d.i. as being due to a deprivation of the 
antidiuretic principle.* Certainly the nature of the experiment and 
particularly the time that elapsed between operations and extract in- 
jections rules out any possibility of the polydipsia being due to irri- 
tative phenomena. 


9400 


Pathogenic Staphylococci in the Anterior Nares: Their Incidence 
and Differentiation.* 


Frances A. HALLMAN. (Introduced by John E. Blair.) 


From the Laboratory Division of the Hospital for Joint Diseases. 


I. InctDENcE. Because there is no recorded incidence of patho- 
genic staphylococci in the normal nose a study of their frequency 
was undertaken in order to establish a standard with which the in- 
cidence in infectious conditions might be compared. Such a stand- 
ard will aid in the interpretation of the reports of Dolman,* Dan- 
bolt,” and Valentine,* on the role of the nares as a source of infection 
in recurrent furunculosis. 

Cultures were made from the nares of 468 persons without evi- 
dence of upper respiratory infection or of staphylococcal infection 
elsewhere. The staphylococci isolated from these cultures were dif- 
ferentiated into pathogenic and non-pathogenic forms by means of 
the plasma-coagulation test. This test has been found by various 
investigators to be a reliable method for such differentiation.** 


9 Fisher, C., and Ingram, W. R., Endocrinology, 1936, 20, 762. 

* This report constitutes some of the material submitted in partial fulfillment 
of the requirements for the degree of Master of Science in the Faculties of 
Teachers College, Columbia University. 

1 Dolman, C. E., Lancet, 1935, 1, 306. 

2 Danbolt, N., Skrift. Norske Vidensk. Oslo Mat. Natur. Kl., 1931, Monograph, 
1932; Biol. Abst., 1933, 7, 1925. 

3 Valentine, F. C. O., Lancet, 1936, 1, 526. 

4yon Daranyi, J., Cent. f. Bakt., 1926, 99, 74. 

5 Gross, H., Klin. Wochensh., 1933, 12, 304. 

6 Kemkes, B., Cent. f. Bakt., 1928, 109, 11. 

7 Chapman, G. H., Berens, ©., Peters, A., and Curcio, L., J. Bact., 1934, 28, 343. 

8 Fisher, A. M., Bull. Johns Hopkins Hosp., 1936, 54, 393. 
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Using the results of this cultural study of uninfected persons as 
a normal standard for comparison, the incidence of pathogenic 
staphylococci was likewise determined in a group of 51 persons with 
chronic staphylococcal osteomyelitis, in whom the nares might be 
considered as a possible focus of infection. 

Subjects. The subjects who were cultured, with the exception of 
a group of 109 adult college students, were patients in the Hospital 
for Joint Diseases. As previously stated, the group which is con- 
sidered as uninfected consisted of persons who had no evidence of 
infection in the nares and who were without evidence of staphylo- 
coccal infection elsewhere. The group with chronic osteomyelitis 
were all proved by culture of the lesion to be infected with staphylo- 
cocci. If environmental influence is to be considered it should be 
emphasized that all of the subjects in this series were residents of 
New York City. 

Methods. Swabbings were made from both sides of the nasal 
cavity and were streaked on plates of beef-extract agar adjusted to 
pH 7.2. After 24 hours’ incubation smears were made of individual 
colonies and were stained by Gram’s method. Staphylococci thus 
identified were fished and streaked on dextrose-brain-heart-infusion 
(Difco) agar slants for maintenance of the cultures. The cultures 
from the children of this series were subcultures from the routine 
nasal cultures which are taken with throat cultures on all children 
admitted to the hospital. These were plated on beef-extract agar 
and were treated as above. 

The plasma-coagulation reaction as described by Gross® was 
used as an index of pathogenicity of the staphylococci. To 0.5 cc. 
of fresh citrated rabbit’s blood was added one loopful of a 24-hour 
agar culture of each strain tested. This was incubated in a water- 
bath at 37°C. for 3 hours. The reaction was considered positive if 
a solid plasma-clot was formed within this time. Testing was done 
on each strain within 4 or 5 days after isolation. The cultural re- 
sults are shown in Table I. 

Comparison of incidence by ages. On comparing the figures 
shown in Table I it is noted that in all age-groups there is a com- 
parable percentage harboring staphylococci of some kind in the 
nares. Nevertheless, there is a 20% greater incidence of patho- 
genic staphylococci in the persons under 20 years of age than in 
those who are older. The age or ages at which this change occurs 
was not determined because of insufficient data. Hoveen it was 
found that there is no chronologic decrease (or increase) in the in- 
cidence of pathogenic staphylococci in the ages of one through 12 
years, but rather a sharp variation around the mean. 
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Incidence in staphylococcal osteomyelitis. In persons under 20 
years of age with staphylococcal osteomyelitis there appears to be a 
tendency to a lower incidence of pathogenic staphylococci in the nares 
than in uninfected persons of the same ages; whereas the incidence 
of pathogenic staphylococci in the nares of adults with chronic 
osteomyelitis tends to be slightly higher than in uninfected persons 
of the same ages. 

Comparison of incidence in children by sexes. There is no dif- 
ference in the percentage of young boys and girls whose nasal cul- 
tures show pathogenic staphylococci, there being 58% of the boys 
and 56% of the girls having pathogenic forms in the nares. How- 
ever, in the boys of the “teen” ages there is an incidence of 68% as 
against 47% in the girls of the same ages. 

Effect of hospitalization. In spite of the differences in environ- 
ment and vigor which existed between the adult subjects of the 
student and hospital-ward groups, it may be noted that the incidence 
of all staphylococci as well as the incidence of pathogenic staphylo- 
cocci are similar in each group. 

II, DiFFERENTIATION. Several tests were used to check the 
results of the coagulase-test of pathogenicity. Sufficient material 
was gathered to make a comparative evaluation of these tests as 
means of differentiation. The supplementary tests included chromo- 
genesis, plate-hemolysis, fermentation of mannite, the crystal-violet- 
agar reaction, and the production of hemotoxin and dermonecro- 
toxin. The results of these tests, together with their correlation 
with the plasma-coagulation test, are given below. 

The constancy of the coagulase-test. The testing of 233 strains 
at intervals from one week to one month after isolation showed 
the reaction to be constant in 94.4% of the strains. The few variable 
strains more frequently gave a falsely negative than a falsely posi- 
tive reaction on the first test. 

Chromogenesis. Heretofore the differentiation of staphylococci 
isolated from the nares has been chiefly between the albus and aureus 
forms.” *°** No further differentiation into pathogenic and non- 
pathogenic strains was made. In this study the color-chart and 
arbitrary color-groupings of Winslow and Winlow™ were used as 
aids in classifying the colonial color of 215 strains of staphylococci 
which were isolated from the nares. Of these strains 156 fell into 

9 Bloomfield, A. L., Bull. Johns Hopkins Hosp., 1921, 32, 290. 

10 Mackey, L., Brit. Med. J., 1919, 2, 159. 


11 Williams, A., Nevin, M., and Gurley, C. R., J. Immunol., 1921, 32, 297. 


12 Winslow, C.-E. A., and Winslow, A. R., The Systematic Relationships of the 
Coccacee, John Wiley and Sons, 1908. 
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the “orange” group. The coagulase-test showed 81% of these to 
be pathogenic. Of the 53 strains which were in the “yellow” group, 
17% were pathogens. Except for 6 “white’’ strains, all of which 
were non-pathogenic by the coagulase-test, the pathogenic and non- 
pathogenic staphylococci covered an identical color-range. Be- 
cause of this and because such a relatively large percent of the 
“orange” strains are non-pathogenic we feel that too much reliance 
should not be placed upon chromogenesis as a means of differen- 
tiation. 

Plate-hemolysis. In order to determine the relationship of the 
aerobic hemolytic activity of staphylococci on human blood-agar 
plates to pathogenicity as indicated by the coagulase-test, 480 
staphylococci consecutively isolated from the nasal passages were 
plated on blood agar. There were 439 strains which showed hemoly- 
sis. Among these strains 144 (32.8%) gave negative coagulase- 
reactions indicating them to be non-pathogenic. Of the 41 strains 
showing no hemolysis, 20 were pathogenic and 21 were non-patho- 
genic by the coagulase-reaction. 

From these results it would seem that plate-hemolysis per se is of 
little significance. We feel that this reaction as a supplementary 
means of differentiation has been overemphasized. This is contrary 
to the opinion of Chapman and his coworkers,’ who include plate- 
hemolysis among the important supplementary methods for dif- 
ferentiation. 

Fermentation of mannite. The opinion of Hine,** Dudgeon and 
Simpson,* and others that the fermentation of mannite with acid- 
production is indicative of pathogenic staphylococci, and not of 
non-pathogenic staphylococci, was confirmed in this study. There 
was agreement with the results of the coagulase-test in 90.97% of 
the 487 strains which were tested for mannite-fermentation. While 
the majority of these strains fermented mannite in 24 hours many of 
them were incubated from 2 to 7 days before fermentation occurred. 

Crystal-violet reaction. The crystal-violet-agar method of dif- 
ferentiation of Chapman and Berens*® was used for the testing of 
142 strains of staphylococci of this series. There was agreement 
in the results of the crystal-violet reaction and the coagulase test in 
88.03% of the strains tested. 

Production of hemotoxin and dermonecrotoxin. One hundred 
and thirteen strains of staphylococci were tested for their ability to 


13 Hine, T. G. M., Lancet, 1922, 2, 1380. 
14 Dudgeon, L. S., and Simpson, J. W. H., J. Hyg., 1928, 27, 160. 
15 Chapman, G. H., and Berens, C., J. Bact., 1935, 29, 437. 
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produce hemotoxin (alpha hemolysin) and dermonecrotoxin. Toxins 
were prepared by a modification of the technic of Parker, Hopkins, 
and Gunther.t® Cultures were grown in semisolid agar in an at- 
mosphere of 30% CO:. After incubation at 37°C. for 48 hours the 
cultures were centrifugalized at high speed and the supernatants were 
tested for hemotoxin and dermonecrotoxin. The hemolysis of a 
1% suspension of washed rabbit-erythrocytes after incubation for 
one hour at 37°C. by the supernatants was taken to indicate the 
presence of hemotoxin. The production of an area of necrosis in 
the skin of an albino guinea pig following intradermal injection of 
0.2 cc. of the supernatants was taken to indicate the presence of 
dermonecrotoxin. 

There was no correlation between the production of hemotoxin 
and the hemolysis of human blood-agar plates. 

There were 12 strains which showed the production of strong 
hemolysin but which showed no dermonecrotoxin. These were 
equally divided between coagulase-positive and coagulase-negative 
strains. The remaining 101 strains showed good correlation be- 
tween the production of hemotoxin and dermonecrotoxin. These 
also checked with the results of the coagulase-test. This confirms 
the work of Burnet’” who stated, “although filtrates having no skin- 
necrosing action may be active hemolysins, no skin-active filtrates 
lacking hemolysin have been reported.” 

Summary, (1) Forty percent of persons over 19 years of age 
who have no evidence of infection in the nares, or of staphylococcal 
infection elsewhere, harbor pathogenic staphylococci in the nares. 
There is a tendency to a slightly higher incidence in persons of the 
same ages with staphylococcal osteomyelitis. (2) Sixty percent of 
persons under 20 years of age who have no evidence of infection in 
the nares, or of staphylococcal infection elsewhere, harbor patho- 
genic staphylococci in the nares. There is a tendency to a slightly 
lower incidence in persons of the same ages with staphylococcal os- 
teomyelitis. (3) While the plasma-coagulation reaction was the 
preferred method of differentiating between pathogenic and non- 
pathogenic strains of staphylococci, the fermentation of mannite, 
the crystal-violet reaction and the production of dermonecrotoxin 
are also reliable confirmatory methods for such differentiation.t 

16 Parker, J. T., Hopkins, J. G., and Gunther, A., Proc. Soc. Exp. Bron. anp 
Mep., 1926, 238, 344. 

17 Burnet, F. M., J. Path. and Bact., 1929, $2; 717. 

+ The author is indebted to Professor Jean Broadhurst of Teachers College, 


Columbia University, and to Dr. John E. Blair of the Hospital for Joint Diseases 
for valuable suggestions given during the course of this work. 
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Production of Potent Diphtherial Toxin on a Medium of 
Chemically Defined Composition. 


ALWIN M. PAPPENHEIMER, JR.,* J. HowAarp MUELLER AND 
SIDNEY COHEN. 
From the Department of Bacteriology and Immunology, Harvard University 


Medical School, Boston, and the Antitoxin and Vaccine Laboratory, Massachusetts 
Department of Public Health, Jamaica Plain, Mass. 


As a result of studies carried out by one of us* on the chemical 
nature of the substances required by the bacillus of diphtheria for 
growth, and by another of us” on the factors underlying toxin-pro- 
duction by this organism, it is now possible for the first time to 
produce toxin of high titer on a medium of known composition. A 
qualification of the word “known” is admitted in that certain of 
the components are obtained from natural sources and may con- 
tain traces of impurity, and further, that the extremely important 
traces of certain inorganic elements are beyond control due to the 
effect of components from the type of glass containers used. The 
complete absence of peptone, formerly believed to be the sine qua 
non for toxin-formation, appears to be assured. 

The composition and method of preparation of the medium is as 
follows: 


glycine 0.5 g. beta alanine 1 mg 
dl-valine On nicotinic acid one 
dl-leucine Opes KoHPO, 2¢g 
d-glutamic acid NaCl Sig 

hydrochloride 5.0) MgSO, .7H20 Oa 
l-eystine 200 mg. CuSO, .5H,O0 5 mg. 
dl-methionine 2000 sugar lactate solution 
1-tryptophane LOO containing calcium 20 ce. 
1-tyrosine it) Os distilled water to 1000 ”’ 
pimelie acid 1 


The glycine, valine, leucine, glutamic acid, methionine and tyro- 
sine, sodium chloride and potassium phosphate are weighed out 
and dissolved in about 500 cc. of distilled water. The cystine is dis- 
solved in a minimal amount of 1:1 HCl and added to the main lot. 
The pimelic acid, beta alanine and nicotinic acid are now added and 
the solution adjusted to pH 7.8; 0.3 cc. of a 33% solution of calcium 
chloride is added and the medium boiled gently for 10 minutes. The 

* Edward Hickling Bradford Fellow, Harvard Medical School. 

1 Mueller, J. H., J. Bact., 1935, 30, 513; J. Bact., 1937, in press. 

2Pappenheimer, A. M., Jr., and Johnson, S. J., Brit. J. Exp. Path., 1936, 
17, 335. 
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precipitated calcium phosphate which carries down any inhibitory 
excess of iron is now filtered off. Finally the magnesium sulphate, 
copper sulphate and tryptophane are added and the medium made up 
to 1000 cc., dispensed and autoclaved. Before inoculation, 2 cc. of 
a sterile solution containing 37% Merck’s U.S.P. sodium lactate, 
7.5% Merck’s c.p. glucose, 15% purified maltose and 0.3% calcium 
chloride are added per 100 cc. of medium. 

This medium contains approximately 0.7 mg. of nitrogen per cc. 
The only iron present is that added as impurity in the sugar-lactate 
solution which fortuitously contains close to the optimal amount of 
that element. 

Toxin-production of 2 Park 8 strains is summarized in Table I. 


TABLE I. 
Toxin-Production at 35°C. 


Quantity of 
Medium Incubation 


Strain Type of flask Ces (days) Lf L+ M.L.D. 
Park No. 8 Soft glass Fernbach 600 6 36 0.05 —-.00075 
(Toronto) Pyare 7” 28 600 6 18 — — 
Park No. 8 125 ec. Pyrex Erlenmeyer 25 4 18 —  .0015 
(Albany No. 5) Soft glass Fernbach 600 7 24 —  .001 

125 ec. Pyrex Erlenmeyer 25 3 13 —  .0025 


From Table I it is seen that the Toronto strains produced 
36 Lf and 1300 M.L.D. per cc. on a known medium containing only 
0.7 mg. of nitrogen per cc. It is noteworthy that this Lf value per 
milligram of nitrogen in the medium is at least twice that of the 
most potent toxin hitherto reported.* The Albany No. 5 strain pro- 
duced a somewhat lower titer than the Toronto but growth was less 
abundant than with the latter strain. It is possible that even higher 
titers of toxin will be obtained when studies now in progress on ad- 
ditional substances in the tissue-extract fraction as well as on the 
inorganic elements of the medium have been completed. 


3 Taylor, E. M., Ann. Inst. Pasteur, 1935, 55, 474. 
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Dynamics of Collateral Circulation Following Chronic Occlusion 
of Coronary Arteries.* 


FREDERICK R. MAuTZ AND DONALD E. GREGG. 


From the Departments of Surgery and Physiology, Western Reserve University, 
Cleveland, O. 


The exact mechanism by which the myocardium is nourished in 
the presence of chronic obstruction of the coronary arteries is still 
controversial.” * The reason for this appears to be that the studies 
have been largely anatomical and give only qualitative data regarding 
collateral blood flow.* In the normal heart the controversy has 
been cleared to a large extent by physiological studies. The majority 
view is best expressed by Wiggers :* ‘‘The collateral flow is extremely 
small and insufficient to support contraction in an area rendered 
[acutely] ischemic by ligation of a main [coronary artery] branch.” 
However, since anatomical connections normally exist between a 
given coronary artery and (a) other coronary arteries,’ (b) extra- 
cardiac arteries® and (c) ventricular cavities,’ the work of Wiggers 
does not rule out the possibility of enlargement of existing collateral 
channels or the development and enlargement of new connections. 
Indeed, it is known that following acute experimental occlusion of 
a coronary artery, the infarcted area is generally much smaller than 
the area originally supplied by the occluded artery.* We have, there- 
fore, attempted to devise ways and means of stimulating the develop- 
ment of such an accessory circulation and to study its physiological 
extent, 

It seemed to us that the ultimate solution of the problem of the 
development, source, and determinants of collateral coronary flow 
might be reached by studying the peripheral coronary pressure 
(P.C.P.) and blood flow from coronary arteries that have been 
occluded for varying lengths of time and in hearts with increasing 
extent of coronary arterial occlusion. 


* Aided by a grant from the Josiah Macy, Jr. Foundation. 

1 Wearn, J. T., J. Exp. Med., 1928, 47, 293. 

2 Wiggers, C. J., in Levy, R. L., Diseases of the Coronary Arteries and Cardiac 
Pain, Macmillan Co., New York, 1936. 

3 Mautz, F. R., and Beck, C. S., J. Thoracic Surg., in press. 

4 Wiggers, C. J., Am. Heart J., 1936, 11, 641. 

5 Spalteholtz, W., Die Arterien der Herzwand, Leipzig, 1924. 

6 Moritz, A. R., Hudson, C. L., and Orgain, E. S., J. Exp. Med., 1932, 56, 927. 

7 Wearn, J. T., Mettier, S. R., Klumpp, T. G., and Zschiesche, L. J., Am. Heart 
J., 1933, 9, 143. 

8 Smith, F. M., Arch. Int. Med., 1918, 22, 8. 
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In the present study chronic coronary artery occlusion was pro- 
duced in dogs by 2 methods: The right coronary artery or the left 
descending ramus was occluded by complete ligation of the vessels 
about one cm. from the aortic ostium. It was noted at the time of 
ligation that the portion of the ventricular walls supplied by the 
artery ligated invariably became cyanotic and bulged with each sys- 
tole. This operation carries a high mortality and preferably should 
be done in stages. The circumflex branch of the left coronary artery 
was occluded in 4 stages at the point of origin by means of a silver 
screw clamp.° 

Five successful experiments were carried out on hearts 2 to 12 
months after complete occlusion of a major coronary artery. After 
intratracheal ether anesthesia, a combination of heparin, 15 units 
per kilo and chlorazol fast pink, 0.080 gm. per kilo, was introduced 
into the circulation to prevent coagulation. A cannula was intro- 
duced into the occluded coronary artery just below the point of oc- 
clusion and connected to an optical pressure manometer of improved 
design.*® Peripheral coronary blood flow was recorded by connecting 
the P.C.P. manometer to either an Archimedes bucket for mean 
flow or to a new type of optical recording meter for phasic flow. 
Aortic and either right or left ventricular pressures were similarly 
and simultaneously recorded. On exposure of the hearts with remote 
coronary artery occlusion, the areas which at the time of ligation 
were cyanotic and bulging now were of normal red color, except for 
occasional white scars, and definitely showed systolic shortening. 
Finally, the hearts after death were injected with a barium sulphate 
gelatin mass using the technique described by Gross. The ana- 
toniical increase in collateral communications was determined by 
Rontgenograms and by dissection of the heart. The degree of in- 
farction was estimated from gross inspection of the sectioned heart. 

The criteria for our belief that a considerable collateral circula- 
tion develops following chronic occlusion of coronary arteries are: 
(1) large increases in P.C.P. over normal values, (2) a peripheral 
coronary blood flow far in excess of normal, (3) a minimum of 
infarction together with macroscopic evidence of contraction, and 
finally (4) enlargement of preéxisting or new anatomical connec- 
tions between occluded and non-occluded arteries. 

A portion of this evidence is summarized in Table I. In 4 of 5 

9 Mautz, F. R., unpublished. 


10 Gregg, D. E., Eckstein, R. W., and Fineberg, M. H., Am. J. Physiol., 1937, 
118, 399. 


11 Gross, L., The Blood Supply to the Heart, Paul Hoeber, New York, 1921. 
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experimentsf there is definite evidence of the development of a 
collateral circulation following chronic coronary artery occlusion in 
that (a) the P.C.P. rises to values which approach the aortic pres- 
sure, (b) there is a large increase of peripheral blood flow, (c) a 
minimum of infarction, and (d) an increase in anatomical collateral 
channels. The extent of this peripheral blood flow with aortic 
pressures ranging from 82/54 to 128/104 mm. Hg. after complete 
occlusion of the coronary artery in question is from 14 to 70 cc. 
per min. The upper range of this volume flow, experiment GM-4, 
approaches the normal inflow into a coronary artery. Correlating 
the anatomical data with the blood flow in GM-4, the largest col- 
lateral communications found in this series of experiments were 
present between the right coronary artery and the left circumflex in 
the posterior A-V sulcus (Fig. 1B as compared with a normal con- 
TEON geen) 


Fig. 1. 
B, Rontgenogram showing enlarged collateral channel between right coronary 
and left circumflex 12 months after right coronary ligation (Exp. GM-4) as com- 
pared with normal, A. 


In Fig. 2, graphic evidence in the form of reproductions of orig- 
inal P.C.P. curves from the major coronary rami in acutely and 
chronically occluded arteries is set forth. Inspection of the per- 
ipheral right coronary pressure in control A-2 as compared with A-1 
shows that following chronic right coronary occlusion, the P.C.P. 
rises from a probable maximum of 30/24 to 110/90 mm. Hg., a 
value very close to the prevailing aortic pressure, while its contour 


t We consider experiment GM-2 as our best control. Here there was remote 
occlusion of the right coronary artery and a collateral circulation failed to develop 
as evidenced by applying the criteria previously listed. 

{It should be emphasized that since all volume flows were measured against 


zero resistance, the actual inflows into the ischemic zone of the intact heart would 
be somewhat less. 
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A-2 B.2: e2- 


Fie. 2. 

A-1, B-1, C-1 are P.C.P. curves after chronic obstruction of right coronary, 
left circumflex, and left descendens respectively for which A-2, B-2, C-2 are 
respective controls. AP, aortic pressure; CP, peripheral coronary pressure; RVP, 
right ventricular pressure; LVP, left ventricular pressure. Time = 0.02 second. 


is patterned after the aortic, even showing an incisura. We have 
always obtained such a rise of the P.C.P. except in experiment GM-2, 
Table 1, in which collaterals failed to develop and the P.C.P. was 
11/10 mm. Hg. 

Marked augmentation of the P.C.P. also occurs after chronic 
occlusion of the left circumflex (B-1 as compared with B-2). The 
P.C.P. rises from a control value of 29/18 in B-2 to 76/36 mm. 
Hg. in B-1, or to a value only 10 mm. Hg. below the left ventricular 
pressure. 

Chronic occlusion of the left descendens also shows a definite 
increase in the P.C.P., C-1 as compared with C-2. Detailed analysis 
of these pressure curves is reserved for a later publication. 

Such experiments, therefore, lead us to the conclusion that fol- 
lowing chronic obstruction of a major coronary arterial ramus there 
develops a massive new collateral coronary circulation. The sources 
and determinants of such a new myocardial blood supply are now 
being investigated. 
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Effect of Diet on Glucose Tolerance of Normal and 
Hypophysectomized Dogs. 


T. E. WEICHSELBAUM, PETER HEINBECKER AND MICHAEL 
SoMoGyYI. 


From the Laboratories of the Jewish Hospital and the Department of Surgery, 
Washington University School of Medicine, St. Louis, Missouri. 


Kageura’ reported that dogs utilized glucose at a slower rate than 
normal following a high fat-low carbohydrate diet. Certain of the 
animals showed diabetic glucose-tolerance curves. The bearing of 
the results on problems of therapy in diabetes mellitus seemed of 
sufficient import to warrant repetition of the experiments. 

Accordingly 9 normal dogs were fed for 7 to 14 days on a diet 
consisting of 100 gm. of fat and 350 gm. raw lean meat daily. Six 
of the animals were then given 0.85 gm. of glucose per os and 3 of 
them 1.5 gm. of glucose intravenously per kilo of body weight and 
their glucose tolerance determined by blood analyses made according 
to the method of Shaffer and Somogyi’ at the intervals indicated in 

TABLE I. 


Effect of Diet upon Glucose Tolerance in Normal Dogs. 
Figures represent mg. of glucose per 100 ee. blood. 


Time in min. after administration glucose 


Dog -— Glucose 

No. Date 0 30 60 90 120 180 240 300 360 Diet Tolerance 

105* 4/24/36 81111 108 89 82 838 81 87 High CHO No difference 
5/8 ih On WO Sy BO we 7G BE amet elt; 

106* 4/24 857180" 10 Slee S ess Sips ICH Oe 2 oy 
5/8 KO KOE ain iksy) ee ere re thal Vda Zeiat 

UO 2yAlal 84 116 99 82 92 84 80 »? CHO Improved 
2/17 OITATZ 155 ds5el04e 193 92 2 Bat 

108* 3/30 89 98 97 87 89 85 76 >? CHO No difference 
4/6 1D) 95 8d TON Gon Sle 78 we Rat 

110* 3/30 88 103 98 88 93 92 94 >? CHO Improved 
4/6 81 3113 187 154 142 78 88 cry yaeub 

Iigles — sy/SX0) 93 95 85 88 94 92 91 ee CHO ee 
4/6 87 128 144 106 79 90 94 ieeeBi art 

INES YA 88 93 103 110 99 87 91 »? CHO No difference 
2/17 13 94 106 112) 97 Vi 76 22 BEN: 

B81 a/l/ 37 Ono OSa SSC IMSOMES SECIS. >? CHO Improved 
2/16 76 285 185. 96 73 65 78 79 80 wie Bat 

016+ 2/1 S020 SOS (Ail ee OL Olemnsa7) ?? CHO No difference 
2/16 GO T1472 Se le SOs 74 aS ae Eat 

ost 2/1 16 238 106 “S20°81 768738) 7a, 73 2 SCH OZ LY 


2/16 (May ereay AD TA PA Deed RS eh hat 


*0.85 gm. of glucose per kg. body weight given per os. 
11.5 gm. of glucose per kg. body weight given intravenously. 


1 Kageura, J. Biochem. (Japan), 1922, 1, 333. 
2 Shaffer, P. A., and Somogyi, M., J. Biochem., 1933, 100, 695. 
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the table. The same animals were then given a low fat diet con- 
sisting of 100 gm. cane sugar, one liter skimmed milk and 300 gm. 
whole wheat bread daily for 14 days. Then their glucose tolerance 
was again determined. 

The results are shown in Table I. They demonstrate that Ameri- 
can dogs do not exhibit any consistent difference in their glucose 
tolerance after a high fat-low carbohydrate diet as contrasted with 
a low fat-high carbohydrate diet. In no instance in this small series 
was there any decrease in glucose tolerance on a high carbohydrate 
diet. In some of the animals there was a definite improvement. The 
suggestion that the difference in response of Japanese and American 
dogs may be related to a normal difference in their diets naturally 
presents itself. Japanese dogs are fed on a relatively high carbo- 
hydrate diet. 

The effect on glucose tolerance of a high fat-low carbohydrate and 
a low fat-high carbohydrate diet was determined in 8 hypophysecto- 
mized animals within 2 months following the operation in the same 
manner as outlined above for normal dogs. Four of these animals 
had been previously studied as normal dogs. 

TABLE II. 


Effect of Diet upon Glucose Tolerance in Hypophysectomized Dogs. 
Figures represent mg. of glucose per 100 ec. blood. 


Time in min. after administration glucose 


Dog (SSS Glucose 
No. Date 0 30 60 90 120 180 240 300 360 Diet Tolerance 
DA 2/11/36. 88 15) 119) 73) 79) 8683 High CHO Improved 
2/17 88 143 150 101 85 81 75 ME 1h 
Besiieee/ 69 70 72 74 65 69 68 mma ELO) Be 
2/17 (ies 938) S846 65 cart 
1147493/30 Thee 947. far 00 WS ?? CHO 22, 
3/16 fAsy SGD? ales xa WE eres rk 22 Sa 
ALGbt 3/30 89 115 120 71 75 80 85 Je {G48 10) ft) 
4/6 71 129 156 137 100 69 64 EO AMEE 
B.38+ 3/15/37 58 298 144 57 55 67 71 74 76 camo EL) be 
4/5 72 366 256 151 101 66 64 73 83 at at 
016+ 3/15 69 169 60 68 68 66 67 70 71 . OHO 22 
4/5 66 251) 79 59 68 77 75 72 77 cena 
0st 3/15 OLIN ON OO ie mioniiee (4 08 ZZ OL © ? 
4/5 72 320 189 94 70 65 68 69 70 2 eh at 


*Glucose per os. 
+Glucose intravenous. 


The results show a striking change from those obtained on normal 
‘dogs. (Table II.) All the hypophysectomized animals showed a 
decreased glucose tolerance on a high fat-low carbohydrate diet. 
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Effect of Diet on Insulin Response in Normal and Hypophy- 
sectomized Dogs. 


PETER HEINBECKER, MICHAEL SoMoGyI AND T. E. 
WEICHSELBAUM. 


From the Department of Surgery, Washington University School of Medicine, and 
the Laboratories of the Jewish Hospital, St. Lowis, Mtssouri. 


In another paper* are described the effects of high fat-low carbo- 
hydrate and low fat-high carbohydrate diets on the glucose tolerance 
in normal and hypophysectomized dogs. We report here the effect 
of similar diets on the insulin response of such animals. 

Ten normal dogs were fed from one to 3 weeks on a diet consist- 
ing of 100 gm. of fat and 350 gm. raw lean meat daily. The animals 
were then given 0.5 units of insulin per kilo of body weight 
intravenously and their response to insulin determined by blood 
sugar determinations made at the intervals indicated in the table. 
The same animals were then given a low fat-high carbohydrate diet 
consisting of 100 gm. cane sugar, one liter of skimmed milk and 300 
gm. of whole wheat bread daily for a similar time period. Their 
insulin response was again determined. 

TABLE I. 


Effect of Diet on Insulin Response in Normal Dogs. 
Figures represent mg. of glucose per 100 ce. blood. 


Time in min. after administration insulin 


Dog rm ~ Insulin 

No. Date 0 30 60 90 120 180 240 300 360 Diet Response 

A.l 4/7/36 82 68 49 ae)" Yay {yl High CHO Decreased 
4/1 90 49 48 41 59 92 te DES 

105 4/23 83 56 54 538. 54 62 »? CHO Improved 
DY 66 48 42 60 89 89 eat 

106 4/23 86 51 64 71 88 107 »? CHO Decreased 
St] 71 33 44 Om OM nS 22 Mat 

107 3/2 88 35 44 42 >» CHO Improved 
2/21 86 63 47 48 

108 4/1 88 56 56 Cis 7? CHO Decreased 
4/7 72 61 44 46 64 2? Bat 

110 4/1 98 49 54 79 90 ?? CHO oe 
4/7 he Ie SD 55 64 2? Bat 


04 1/29/37 80 45 46 58 73 83 87 87 84 ?? CHO Improved 


B.38 1/29 77 64 43 52 63 83 82 84 84 ?? CHO No difference 
2/15 (le ED IN ET Ue} 7h) RS} Ge AME Y 

016 3=33/8 69 67 31 37 46 63 82 86 84 »? CHO Improved 
3/30 76 43 40 53 65 76 82 79 76 ge Hat 

08 1/29 78 47 54 66 83 83 89 80 82 ?? CHO No difference 
2/15 73 49 53 55 70 82 86 87 88 BD UREN 


1 Weichselbaum, T. E., Somogyi, M., and Heinbecker, P., Proc. Soc. Exp. Bron. 
AND MED., 1937, 36, 802. 
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The results are presented in Table I. Their analysis shows no 
consistent effect of change in diet on insulin response. 

Six hypophysectomized dogs within 2 months following the oper- 
ation were given the above diets for similar time periods and their 
insulin response again determined. Three of the dogs of this series 
had been used before in the normal series. 

The results are presented in Table II. The animals studied show 
definitely without exception better insulin response after the low fat- 
high carbohydrate than after high fat-low carbohydrate diet. 

TABLE IL. 


Effect of Diet on Insulin Response in Hypophysectomized Dogs. 
Figures represent mg. of glucose per 100 cc. blood. 


Time in min. after administration insulin 
Dog Insulin 


SS SS ee Se ee en ee 
No. Date 0 30 60 90 120 180 240 300 360 Diet Response 
B.37 6/1/36 72 38 31 36 58 82 82 88 HighCHO Improved; 
0.25U/kg. 
(Mild con- 
vulsions ) 
5/7 62 32 30 49 62 68 7 Mat 0.59 U/kg. 
AS 4/1 93 41 43 35 33 »? CHO Improved: 
(Violent con- 
vulsions ) 
4/7 79 70 46 44 53 2 Wat 
B.38 3/8/37 52 45 24 27 34 50 57 56 61 »? CHO Improved 
3/30 OOF A950) 6508 fa" Fourie 109) 1d eae WAG 
016 3/8 70 29 22 33 37 63 69 80 79 »? CHO Improved 
3/30 68 29 27 47 63 76 78 72 72 Hat 
08 3/8 58 32 30 26 23 ?? CHO Improved; 
(Violent con- 
vulsions ) 


3/30 tal BPA Pay PIS BYE Bess 7 token TAN 1 Fatt 


A comparison of the effect of similar diets on glucose tolerance in 
normal and in hypophysectomized dogs shows a definite correlation. 
In normal animals a change from a high fat-low carbohydrate to a 
low fat-high carbohydrate diet results either in no change or an 
occasional instance of improvement of glucose tolerance. The same 
change of diet produces no clear cut or consistent effect on insulin 
response. In hypophysectomized animals, on the other hand, there 
is a markedly increased glucose tolerance after a high carbohydrate- 
low fat diet and also a consistent and definite improvement in insulin 
response. 
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Influence of Protein or Cystine Intake on Cataract-producing 
Action of Galactose.*7 


Heten S. MITCHELL and GLapys M. Cook. 


From the Division of Home Economics, Massachusetts Agricultural Experiment 
Station, Amherst. 


Ever since it was first demonstrated that galactose causes lens 
changes in rats’ experiments have been under way in an effort to 
explain the metabolic disturbances involved. The basal ration of 
15% protein, 70% carbohydrate (galactose and starch), 11% fat 
(including 2% cod liver oil), 4% salt mixture (Osborne and Men- 
del), and 0.5 gm. dry yeast 3 times a week, has been modified and 
supplemented in various ways. The following mineral and vitamin 
modifications have failed to alter the incidence or speed of cataract 
development; an excess or omission of salt mixture, drastic shifts 
in the acid-base balance of the ration, excess or lack of vitamins B 
and G, crystalline ascorbic acid administered orally or parenterally, 
massive doses of viosterol. Modifications in the types and amounts 
of fat or carbohydrate (other than galactose or lactose) have also 
given negative results. An increase in the amount of protein (15% 
to 30%) from 3 different sources (casein, lactalbumin, and beef 
muscle, respectively) also failed to alter the rate of cataract devel- 
opment. 

A reduction of the protein (casein), however, in a 25% galactose 
ration, from the regular 15% level to 5% level shortened the time 
of cataract development from 26.3 to 15 days on the average, a dif- 
ference which is strikingly significant. Furthermore, growth of 
tats on the low protein ration was limited, as would be expected, 
and the lower food intake in this group meant less galactose actu- 
ally consumed, which fact tends to make the aggravating effect of 
the low protein still more striking. It is worth noting that an 
mcrease Of galactose in the basal ration from 25% to 35% is less 
effective in shortening the time of cataract development than is the 
lowering of the protein from 15% to 5%. 

The loss of cystine and other sulphur-containing compounds from 


* Contribution 279 of the Massachusetts Agricultural Experiment Station. 


+ Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 


1 Mitchell, H. S., Proc. Soc. Exp. Bion. AnD Mzp., 1935, 32, 971. 
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cataractous lenses as reported in the literature? would suggest that 
cystine or a related substance may play an important réle in the 


TABLE I. 
Cataract Development on a 25% Galactose Ration Modified as to Protein and 
Cystine Content. (Read across for comparison of litter mates.) 


Ration 15% casein 
Modifi- Control ‘ 15% casein 15% casein 15% casein 
cation ration 5% casein +1%cystine +2% cystine +4+3% cystine 


SS ee ODD: Cio ee ee MS ES en | a eS ae ae aN 

; No. Mature No. Mature No. Mature No. Mature No. Mature 

Litter of Cataract of Cataract of Cataract of Cataract of Cataract 
No. Rats days* Rats days* Rats days* Rats days* Rats days* 


67 1 22.0 2 26.8 
(21-23) (21-35) 
68 2 19.2 2 22.0 2 25.2 2 31.5 
(18-21) (18-28) (21-32) (25-37) 
93 2 24.2 = 13.0 
(19-35) (13-13) 
96 2 47.0 2 19.2 
(31-58t) (15-23) 
97 2 23.2 4 15.5 2 28.0 
(16-32) (13-19) (26-32) 
98 2 21.2 2 6.8 2 25.2 
(21-22) (14-20) (21-28) 
99 2 37.0 2 17.2 2 40.0 2 40.0 
(24-49t) (14-19) (31-49) (28-49 ) 
101 iL 18.5 2 12.5 2 21.2 2 22.7 
(18-19) (12-13) (19-25) (21-24) 
102 1 19.0 2 12.2 
(18-20) (11-13) 
103 1 21.0 2 16.0 
(20-22) (13-19) 
104 2 15.2 1 13.5 2 19.0 2 21.8 2 20.2 
(15-16) (13-14) (19-19) (19-24) (19-22) 
105 1 20.0 2 24.2 2 22.8 2 27.0 
(20-20) (20-26) (20-26) (26-28) 
Average days for 
modified rations 
groups 21 15.0 10 = 22.6 10 26.6 12 28.6 
Incidence of cataract % 100 100 90 92 
Controls Controls Controls Controls 
Average days for 
litter mates in 
each group on the 
control ration 15 26.3 7 18.4 8 22.6 au 23.0 
Incidence of cataract % 87 100 88 91 


*Time required for lens changes to become visible to the naked eye (mature 


cataract). Average and range given for each group. 
+ Two eyes in each case failed to show mature cataract but did show advanced 


lens changes at the end of the experimental period. The number of days on the 
eataract producing ration were used in calculating the time factor for these few 


animals. 
2 Fisher, F. P., Arch. f. Augenh., 1934, 108, 527. 
3 Shoji, Y., Arch. d’Ophth., 1931, 48, 28. 
4 Weinstein, P., Arch. f. Augenh., 1935, 109, 221. 
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metabolism of the lens. Small supplements of cystine used in some 
preliminary experiments (0, 1-0.25%) gave negative results. Sub- 
sequently larger amounts of cystine (1, 2, and 3%) have been em- 
ployed and the higher levels do appear to have a slight inhibitory 
effect upon the cataract-producing action of a 25% galactose ration. 
Bellows’ observation® of an inhibitory effect when 0.3% cystine was 
added to a 35% galactose ration is interesting but not convincing 
because his data are too few and his experiments insufficiently con- 
trolled in view of litter differences usually encountered. 

The accompanying table is given by litters so that, by reading 
across, comparisons may be made between litter mates. Each litter 
was started on experimental rations at 25 days of age. The time 
differences in cataract development between litter mates on various 
rations are more striking than average differences. Only figures 
from litter mate controls have been used in computing averages as 
given. The phenomenon of cataract-resistant and cataract- 
susceptible litters, even within a given strain of rats, must be recog- 
nized and considered in planning and controlling this type of experi- 
ment. 

From these data it is evident that a protein deficiency definitely 
hastens the development of galactose cataract. The relatively slight 
inhibitory effect of a 20-fold increase in the cystine content of the 
ration makes it doubtful whether cystine is the crucial factor and 
leaves the question open as to what other factors may play equal or 
even more important roles in this respect. 
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Serum Protein Changes Occurring in Degenerative Stages of 
Bright’s Disease. 


ELotsE JAMESON. (Introduced by T. Addis.) 


From Stanford School of Medicine. 


Many studies have been made of the changes in serum proteins 
during the degenerative stages of Bright’s disease which are accom- 
panied by edema and a high loss of protein in the urine. In general 
these studies have been confined to the total serum protein and the 
albumin-globulin ratio. The results have shown a low total protein 
and a lowered albumin to globulin ratio. 


5 Bellows, J., Arch. Ophth., 1936, 16, 762. 
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In the work reported here, it has been found that an albumin- 
globulin ratio does not show the principal changes which have taken 
place in the serum. Sera widely differing quantitatively and quali- 
tatively as to their component proteins will give similar albumin- 
globulin ratios. It is necessary, then, to make whole salting out 
curves to study the differences which occur. These reveal the 
absence of certain fractions present in normal serum and the pres- 
ence of another fraction not found in normal serum. 

Experiments were carried out on very fresh serum separated 
from the clot by centrifuging. The serum was precipitated by 
potassium citrate at 0° and pH 6.8. Under these conditions a min- 
imal amount of change in the serum took place and the results were 
entirely reproducible. The precipitate was separated from the liquid 
by filtration. The percents by weight of protein and potassium 
citrate in the filtrate were determined gravimetrically. 
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Fig. 1. 
Normal human blood serum. 


In Fig. 1 is given the normal curve representing the percent of 
the total protein precipitating, plotted against the percent of potas- 
sium citrate. One change in direction occurs, in this case at about 
35% citrate. With less of the albumin fraction present in normal 
serum this point moves to the right. As may be seen, if the curve 
is cut at 31% citrate a normal 2-1 albumin-globulin ratio is found. 
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Fig. 2 shows a curve made from the pooled blood serum from 7 
cases with glomerular nephritis in the degenerative stage. The total 
protein was 4.9%. Edema was present in all cases. The most 
apparent difference from the normal curve is seen from 28 to 31% 
citrate where a new fraction comes down precipitously. A lessened 
precipitation in both the extreme globulin and albumin ends is also 
visible. The albumin-globulin ratio is a little Jess than 1-1. 


% of Total Protein Precipitated 


20 25 


Fig. 2. 


Pooled blood serum from 7 cases with glomerular nephritis in the degenerative 
stage. 


The right hand line in Fig. 3 gives the curve from the serum of 
a case of degenerative Bright’s disease during an acute infection 
(phlebitis). Considerable edema was present. There is a spec- 
tacular change both from the normal and from the curve in Fig. 2. 
The serum proteins are precipitated between 26 and 38% citrate. 
There is a complete absence of precipitation both in albumin and 
globulin ends. The albumin-globulin ratio is not far different from 
that of the serum represented in Fig. 2. 

The left hand curve in Fig. 4 gives the results on serum from the 
same patient during recovery. Precipitation began at 21%. There 
was a great increase in the globulin end as well as a less but still 
definite increase in the albumin end. There still remained a large 
proportion of the fraction coming out precipitously from 27% to 
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Fig. 3. 
Sera from two cases of degenerative Bright’s disease during acute infections. 


% of Total Protein Precipitated 
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Fig. 4. ] 

Sera from one of the cases of degenerative Bright’s disease shown in Fig. 3, 
before the infection and during recovery. 


812 LIVER AND VITAMIN D 


3214% citrate. Recovery is very apparent although the albumin- 
globulin ratio is even less than that shown in Fig. 3. 

The right hand curve in Fig. 4, made by precipitation of the 
serum 3 months before the acute infection, indicates that there had 
been a still greater amount of albumin as well as a greater albumin- 
globulin ratio at that time. 

That the curve in Fig. 3 is not peculiar to one case may be seen 
from the left hand curve which represents another similar case dur- 
ing an acute infection. 

Conclusions. There are 3 obvious changes in a salting out curve 
of serum of patients in the degenerative states of Bright’s disease: 
(1) Decreased englobulin or absence of it. (2) Decreased albumin. 
(3) Presence of a fraction not occurring in normal serum. These 
changes are particularly pronounced where there is an acute infec- 
tion. They can not be observed by making an albumin-globulin 
ratio. 
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Importance of the Liver for the Antirachitic Efficacy of 
Vitamin D. 


WALTER HEYMANN. 


From the Babies and Childrens Hospital, and the Department of Pediatrics, School 
of Medicine, Western Reserve University, Cleveland. 


The mode of action of vitamin D is at present unknown. A new 
hypothesis was suggested by Gerstenberger’ which, on the basis of 
clinical observations, considered that the action of vitamin D was 
concerned with some function of the liver thus far unknown. The 
purpose of the investigation reported here was to approach this 
hypothesis in animal experiments, in order (1) to study the anti- 
rachitic efficacy of vitamin D in rachitic rats in which obstructive 
biliary cirrhosis had been induced or in which liver damage had been 
caused by the administration of carbon tetrachloride and (2) to 
learn whether the resulting decreased antirachitic potency of vitamin 
D was due to the injury to the liver itself or to other circumstances 
accompanying the experimental conditions. 

Steenbock’s rachitogenic Ration 2965 was given to rats 3 weeks 
of age. To induce cirrhosis of the liver, double ligation and transec- 
tion of the common bile duct was performed 1 to 114 weeks after 


1 Gerstenberger, H. J., Monatschr. f. Kinderh., 1933, 56, 217. 
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the diet had been started. To induce liver damage, 0.2 to 0.3 cc. of 
carbon tetrachloride was given by intramuscular injection every 
second day for 3 consecutive weeks, starting also 1 to 1%4 weeks 
after the rats were placed on the Steenbock ration. 

After 3 weeks of the rickets-producing diet (that is, 114 weeks 
after operation or after beginning of administration of carbon tetra- 
chloride), antirachitic treatment was begun by intramuscular injec- 
tion of viosterol in oil, Drisdol, or sodium glycerophosphate solution 
daily for ten consecutive days. 

Under these conditions it was found that bile stasis led regularly 
in 3 weeks to severe obstructive biliary cirrhosis and that the paren- 
teral administration of carbon tetrachloride resulted in severe fatty 
and parenchymatous degeneration of the liver rather than in cirrho- 
sis. The results, summarized in Table I, show that 10 to 12 times 

TABLE I. 


Curative Doses of Vitamin D and Glycerophosphate Solution in Rachitic Rats 
with and without Biliary Cirrhosis or Liver Damage. 


Glycero- 
phosphate 
solution 
Vitamin D given by (10%) 
intramuscular injection as given by 
——_———, intramuscular 
Viosterol in oil Drisdol injection 
(SS Tg a ap 
Groups of rachitic U.S.P. No. of U.S.P. No. of No. of 
rats used units rats units rats ee. rats 
Without biliary cirrhosis or 
liver damage (controls) 2.5 22 <2.5 14 0.2 ial 
With biliary cirrhosis 25-30 34 30 44 Os) 
With liver damage produced 
by administration of car- 
bon tetrachloride 5-8 63 — —_ — — 


as much vitamin D (given as viosterol in oil) was needed to cure 
rickets in rachitic rats having obstructive biliary cirrhosis as was 
needed in the rachitic controls. This finding confirms similar ob- 
servations by Greaves and Schmidt.’ Their interpretation, however, 
was that the decreased curative efficacy of vitamin D in jaun- 
diced rachitic rats was due (1) to the lack of intestinal absorp- 
tion of vitamin D caused by absence of bile in the chyme and (2) 
to a functional impairment of the osteogenic cells caused by the 
jaundice. 

All the curative agents in the author’s experiments were given by 
intramuscular injection; therefore a lack of intestinal absorption 


2 Greaves, J. D., and Schmidt, C. L. A., Univ. California Pub. Physiol., 1934, 
8, 49. 
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does not have to be considered. Furthermore, it was found (Table 
I) that an even less amount of phosphate solution was needed to 
produce calcification in the epiphyses of the rats in the jaundiced 
group than of the controls. It consequently can be concluded that 
jaundice does not lead to an impairment of the calcifying function 
of the osteogenic cells. This conclusion is also evident from the 
results obtained when viosterol was administered to the carbon tetra- 
chloride group in which jaundice, if it was present at all, developed 
only to a mild degree. That the curative potency of vitamin D is 
not so markedly diminished in the carbon tetrachloride group as in 
the rats with cirrhosis probably has to do with the very different 
kind of pathology produced in the liver by the two methods. In 
view of the facts that the rats injured by bile stasis or by carbon 
tetrachloride gained less weight than did the controls and that 
inhibited growth aids rather than interferes with healing of rickets, 
it may be said that the reduction in curative effectiveness of the 
antirachitic agents used would have been even greater if the rats 
with cirrhosis or those with liver damage had had the same rate of 
growth as the control animals. 

One further possibility had to be taken into account; namely, that 
jaundice might have interfered with the absorption of viosterol at 
the site of injection. Consequently, tests were made with Drisdol, 
a water-soluble preparation of “pure crystalline vitamin D,” in 
propylene glycol that is more easily and more readily absorbed than 
oil when it is injected into muscular tissue. These results, however, 
were identical almost unit per unit with those obtained when 
viosterol in oil was used (Table 1). 

The only interpretation remaining, therefore, is to conclude that 
the impaired liver function was responsible for the decreased anti- 
rachitic potency of vitamin D, both in the rachitic rats in which 
cirrhosis of the liver had been induced by ligation of the common 
bile duct and in those in which degenerative changes of the liver had 
been caused by administration of carbon tetrachloride. This con- 
clusion substantiates Gerstenberger’s’ hypothesis. 
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Evacuation of the Gall Bladder in Patients with Carcinoma of the 
Stomach. 


WALLACE P. RitcHIEe and Epwarp A. BoypENn. 


From the Departments of Surgery and Anatomy, University of Minnesota. 


This article is the second of a series of 3 studies designed to test 
the reaction of the human gall bladder to different pathological 
states of the stomach, 7. e., to gastric ulcer, gastric carcinoma and 
pernicious anemia—diseases in which there are characteristically 
varying amounts of free hydrochloric acid. 

In the first of these* it was shown that the gall bladder empties 
significantly faster in patients with gastric and duodenal ulcers than 
in normal individuals of comparable age. Although such patients 
have a high titer of free acid, to which the more rapid emptying of 
the gall bladder might be attributed, it was found that the curve of 
emptying in ulcer patients could be duplicated in normal individuals 
merely by injecting one egg-yolk directly into the duodenum. This 
would seem to explain the more rapid response of the gall bladder 
to food in ulcer patients, for it is known that in this disease the 
hypermotility of the stomach usually results in a greater initial rush 
of food into the duodenum. Incidentally, these observations remove 
any apprehension that peptic ulcer may be an antecedent factor in 
gall bladder disease. 

The present report is based upon cholecystographic studies of 22 
male patients with carcinoma of the stomach, 13 of them made just 
prior to gastro-enterostomy or partial resection of the stomach, and 
9 of them after one of these operations. In 5 out of the 22 patients 
(22.7%) the gall bladder failed to visualize, notwithstanding the 
fact that the dye was administered intravenously. This is a higher 
negative incidence than occurred in 33 peptic ulcer patients, among 
whom only 3 (10%) failed to visualize; but this may be explained 
on the basis of the greater age of the cancer group for, in a previous 
study,” it was found that out of 23 apparently normal men of the 
7th and 8th decade, 5 of them (21.6% ) failed to become visualized. 

Turning now to the rate of emptying of the gall bladder, it was 
found that in the 10 untreated cancer patients (9 of whom had an 
average age of 61 years), the gall bladder discharged 74.1% of its 
contents in the first 40 minutes after a standard meal of egg-yolk. 


1 Boyden, EH. A., and Berman, T. M., Radiology, 1937, 28, 273. 
2 Boyden, E. A., and Grantham, Jr., S. A., Surg., Gyn. and Obst., 1936, 62, 34. 
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This is virtually the same as the mean figure previously ascertained 
for 14 old men’—namely 73.3%. It would thus appear that cancer 
of the stomach (unlike peptic ulcer) does not affect the rate of 
emptying of the gall bladder. : han 

This is the more noteworthy in that histamine tests failed to elicit 
the presence of free HCl in 6 of these 10 patients and that the others 
showed only small amounts; from which it may be inferred that 
free HCl is not essential to normal emptying of the gall bladder. 

Similarly, the presence of some degree of retention of gastric 
contents in 7 of these 10 patients, following a barium meal, sug- 
gests that the length of time it takes the stomach to empty is unim- 
portant, from the standpoint of evacuation of gall bladder bile, so 
long as there is no delay in the initial discharge of food into the 
duodenum. 

Finally, in 6 cancer patients X-rayed after gastro-enterostomy or 
partial resection of the stomach, it was found that the rate of 
emptying of the gall bladder was slightly faster than in normal indi- 
viduals, the mean discharge being 77.7%. While this difference is 
not statistically significant, conclusions are withheld pending exam- 
ination of more cases. 
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Reactions to the Alcohol-Insoluble Fraction of Ragweed Pollen. 


J. Y. FEINSTEIN AND Ropert E. Hoyt. (Introduced by W. P. 
Larson. ) 


From the Department of Bacteriology and Immunology, University of Minnesota. 


It was shown by Coca and Grove’ that tryptic digestion of pollen 
did not destroy its ability to elicit a positive reaction in allergic indi- 
viduals, although after dialysis no trace of its original nitrogen- 
content remained. Stull, Cooke and Chobot? found that the active 
principle of ragweed pollen is present in that fraction which is insol- 
uble in 90-95% alcohol. Black* by repeated precipitation of ragweed 
pollen extract in 60% alcohol and redissolving of the precipitate in 
acid saline, obtained an extract which contained very little nitrogen, 
and which gave many of the chemical reactions characteristic of 


1 Grove and Coca, Proc. Soc. Exp. Bion. AND MeEp., 1923, 21, 48. 
2 Stull, Cooke, and Chobot, J. Allergy, 1929-30, 1, 470. 
3 Black, J. H., J. Allergy, 1931, 2, 161. 
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polysaccharides. This fraction also gave typical allergic reactions 
in 43 ragweed-sensitive patients, and no reactions in 50 normals. 
The highest dilution giving a reaction when injected intradermally 
was 1:240,000. Unger, Moore, Cromwell and Seeber,* in desensi- 
tization experiments using both purified protein derivatives and 
purified polysaccharide fractions, concluded that the specifically 
active substance in pollen is protein in nature, and that the carbo- 
hydrate plays no part in the specificity of their reactions. 

To 50 cc. of a 2% aqueous extract of ragweed pollen, 450 cc. of 
absolute alcohol were added. The resulting precipitate was dissolved 
in 50 cc. of physiological saline. In control tests, 2% aqueous 
extracts of pollen were used. 

The redissolved precipitate gave typical allergic reactions in indi- 
viduals sensitive to ragweed pollen. The reaction elicited by the 
90% alcohol-insoluble fraction was more intense than that of the 
60% alcohol-insoluble fraction, but the type of reaction was essen- 
tially the same in each case. 

In the allergic individuals reactions were obtained with the 90% 
alcohol-insoluble fraction in dilutions of 1:10,000,000, administered 
intradermally. The intensity of this reaction varied in different 
individuals from a slight reddening to an intense erythema with the 
formation of a wheal and pseudopods. 

It was observed that some apparently normal individuals failed to 
react to this fraction, while others who gave no reaction to whole 
ragweed pollen responded to intradermal injections of the alcohol- 
insoluble fraction. 

To confirm this observation, the following series of tests was 
made: 127 individuals who have never suffered from hay fever 
were given intradermal injections of whole pollen extract— 
1:1,000,000—in the right forearm, and of the 90% alcohol-insoluble 
fraction—1l :1,000,000—in the left forearm. These cases were 
divided into 2 groups—the first composed of those individuals in 
whose families there were no known cases of allergic disease, and 
the second, of those cases whose family history was positive for 


TABLE I. 
Reactions to Alcohol-insoluble Fraction. 
Positive Negative % negative 
reactions reactions Total reactions 
Group I (negative history) 36 38 74 52 
Group II (positive ’’ ) 48 5 53 9 
Difference in percentage of negative results 43 


4 Unger, Moore, Cromwell, and Seeber, J. Allergy, 1934, 5, 2. 
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allergic disease. The results of these tests are shown in Table 1. 
None of these individuals gave a reaction to the whole pollen. 

From these data it appears that those individuals who have a 
family history of allergic disease, but are not themselves sensitive 
to whole ragweed pollen extract react in a high percentage of cases 
to the alcohol-insoluble fraction. The ratio of this difference to its 
standard deviation is 5+, which shows a significant difference exists 
between the two groups. 

Six to 8 hours after the initial injection an area of erythema 
accompanied by swelling and tenderness, but no wheal formation, 
was seen to appear. This was first noticed in individuals who failed 
to react immediately and was later found to occur in those who gave 
the immediate reaction. This delayed reaction disappeared slowly, 
in some cases lasting as long as 24 hours. 

Attempts at desensitization using the alcohol-insoluble fraction 
are being carried on. 

From these results, it appears that individuals who themselves do 
not react to whole ragweed pollen extract, but whose family history 
is positive for allergic disease, give a high percentage (91%) of 
positive reactions to intradermal injections of the alcohol-insoluble 
fraction of the same pollen. Those individuals whose family history 
is negative give a much lower percentage (48%) of positive reac- 
tions to the alcohol-insoluble fraction. Possibly some informants, 
in giving a negative history, were unaware of allergic disease in 
members of their family; it is probable that many reacting indi- 
viduals giving a negative family history would be included in the 
group giving positive histories if complete knowledge were obtain- 
able. 

It is also possible that some of the negative reactors might prove 
to have positive histories, but the statistical analysis of the results 
obtained in this series makes this seem unlikely. 
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Renal Oxygen Utilization of Dogs with Experimental Hyper- 
tension.* 


Morton F. Mason, Ray Everst AND ALFRED BLALOCK. 


From the Departments of Biochemistry and Surgery, Vanderbilt University School 
of Medicine, Nashville. 


It has been shown by Harrison, Blalock and Mason*? and by 
Friedman and Prinzmetal® that a dog kidney rendered ischemic by 
partial constriction of the renal artery according to the technique 
of Goldblatt et al.* contains a greater amount of pressor substance 
than a normal kidney of either the same or a different dog. 
Although there is no evidence that this pressor substance (or sub- 
stances) is responsible for the development of the hypertension ex- 
hibited by such dogs, it has been suggested that it is elaborated as a 
result of some process dependent on ischemia, possibly under con- 
ditions of low oxygen tension. 

A low tension of oxygen in the renal parenchyma should be re- 
flected in a greater degree of unsaturation of renal venous blood, 
1, €., by an increase in the renal arterio-venous oxygen difference. 
In order to see if this were the case, a large number of determina- 
tions of this difference was made on normal dogs with a kidney 
explanted by the method of Rhoads,’ and similar dogs in which 
hypertension had been produced by partial constriction of the renal 
artery. The diet of these dogs consisted of a maintenance allow- 
ance of Wayne’s dog chow supplemented by meat twice each week. 
Blood samples were drawn (fasting) by nearly simultaneous punc- 
ture of the femoral artery and renal vein without anesthesia. 

In Table I the results of 70 observations on 16 normal dogs and 
64 similar observations in 4 dogs with partial constriction of the 


* Aided by a grant to the Vanderbilt University School of Medicine from the 
Division of Medical Sciences of the Rockefeller Foundation. 

+ Mr. Evers’ assistance in this work was made possible by a grant from the 
Henry Strong Denison Medical Foundation. 

1 Harrison, T. R., Blalock, A., and Mason, M. F.,. Proc. Soc. Exp. Bion. anD 
Mep., 1936, 35, 38. 

2 Harrison, T. R., Blalock, A., Mason, M. F., and Williams, J. W., Jr., Arch. 
Int. Med., in press. 

3 Prinzmetal, M., and Friedman, B., Proc. Soc. Exp. Biot. anp Mep., 1936, 
35, 122. 

4 Goldblatt, H., Lynch, J., Hanzal, R. F., and Summerville, W. W., J. Eup. 
Med., 1934, 59, 347. 

5 Rhoads, C. P., Am. J. Physiol., 1934, 109, 324. 


820 ACTIVE FRACTION OF CHICKEN SARCOMA 


TABLE I. ; E 
Renal Arterio-venous Oxygen Differences of Normal Dogs and Dogs with Partial 
Constriction of Renal Artery with and without Hypertension. 


Renal Arterio-venous Oxygen Difference (vol. %) 
1-2 2-3 


3-4 4-5 

Normal dogs (70 observations) 12 32 23 3 
Dogs with partial constriction of renal artery 

1. Without hypertension (33 observations) of 15 4 7 

2. With hypertension (31 observations) i 15 5 + 

Total 14 30 9 At: 


renal artery are shown. Thirty-one observations of the latter group 
were made when the dogs exhibited hypertension, and 33 were made 
when hypertension was absent in spite of renal artery constriction. 
It is seen that although a few more rather large arterio-renal venous 
oxygen differences were encountered in the group with renal artery 
constriction, the variability in oxygen utilization in this group, with 
or without attendant hypertension, is not markedly different from 
that of normal dogs. In both groups the renal A-V(O.) most 
frequently encountered was between 2.5 and 3.0 volumes percent. 

These results lend no support to the concept that partial constric- 
tion of the renal artery is attended by lowered oxygen tension in the 
kidney, under the conditions specified. Similar observations in cir- 
cumstances in which the renal excretory work is increased, e. g., a 
high protein diet, have not as yet been made. 

Summary, The variability of renal arterio-venous oxygen dif- 
ference in fasting dogs with partial constriction of the renal artery 
with and without hypertension is similar to that of normal dogs. 
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The Active Fraction of Rous Chicken Sarcoma. 


MICHAEL LEVINE AND Emit J. BAUMANN. 


From the Laboratory Division, Montefiore Hospital, New York. 


Recent attempts to isolate the active agent of the Rous chicken 
sarcoma have resulted in conflicting views as to the nature of the 
causative agent. Jobling and Sproul’ have reported that repeated 
injections of a lipid fraction obtained from fresh or dried tumor 


1 Jobling, J. W., and Sproul, E. E., Science, 1936, 84, 229. 
2 Jobling, J. W., and Sproul, E. E., Science, 1937, $3, 270. 
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tissue, together with nonspecific protein, produce sarcomas which 
appear in the more responsive birds within 3 to 4 months after the 
third injection. Fraenkel and Mawson,’ on the other hand, were 
unable to obtain tumors by injecting acetone extracts of fresh or 
dried tumor tissue but were successful with the residue. 

In 1936 we attempted to isolate lipid fractions from a very active 
preparation of Rous chicken tumor No. 1 with pentane and chloro- 
form as solvents. With neither were we successful in producing 
tumors in young birds. The residue of the pentane extract, how- 
ever, invariably produced tumors after a single injection in spite of 
4 extractions of the powder with 100 volumes of solvent (see 
Table I). The residue from the chloroform extract was inactive, 

TABLE I. 


Effects of Injecting Powder, Extracts and Residues of Rous Chicken Sarcoma 
No. 1 into Barred Plymouth Rock Chicks. 


Gain 
Chick Amt. Inj. Dateof in Wt., Date 
Material No. mg. Site injection gm. Sacrificed Results 
CHCl, 151 100 RL* 6/11/36 340 7/17/36 Neg. 
Extd. Pdr. 155 100 RB a 385 oe ie. 
CHCl, and 171 75 RB 4/2/37 255 4/24/37 Tumor 
Pentane vel al LB Ag Ae wD ”? 
Extd. Pdr. iva! 3 RL oe. 2 PY ” 
172 25 RB a! 330 4/27 Tumor 
172 15 LB 3 238 oe » 
ae 5 RL the) 2) 9) bes 
CHCl, 151 from 400 RB 6/11/36 340 7/17/36 Neg. 
Extract 155 »? 400 RL 4 385 2 BY 
CHCl, and 
Pentane 175 »? 400 LL 4/2/37 370 7/30/36 Neg. 
Extract 
Pentane 152 80 RB 6/3 /36 266 6/23/36 Tumor 
Extd. Pdr. 156 80 RL ie 105 EA ye 
173 75 RB 4/2/37 255 4/22/37 oe 
ree) phe) ) reed 
the an oe Med pe uy) 
174 25 RB ay. 155 4/19 2 
he hb) d) ef Es 
So Ss ee ”) 2? ”) ” 
Pentane 152 2250) RL 6/3/36 260 6/23/36 Neg. 
Extract 156 ome 00 RB 42 105 2 2Y 
175 1010) RB 4/2/37 370 7/30 2Y 
Chicken 176 75 RB a 235 4/17/37 Tumor 
Tumor No. 1 176 5 LL ay ey se ed 
149+ 


*RB—Right breast. LL—Left leg, ete. 
+Controls in 10 additional birds are not included in table. 


3 Fraenkel, E. M., and Mawson, C. A., Nature, 1937, 139, 282. 
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possibly due to denaturing the protein. The whole powder, used as 
a control, was very active; birds had to be sacrificed 12 days after 
injection. We then believed that the active fraction was not to be 
found among the lipids; that it was water soluble and very likely 
protein in nature. 

In view of the recent report of Jobling and Sproul,’ we repeated 
our experiments with a portion of the powder previously used. It 
was kept at about 5°C. for 11 months in a sealed but not evacuated 
tube. Pentane was used for extraction in one series of experiments ; 
a mixture of equa! volumes of chloroform and pentane in another. 
In each case 0.5 gm. powder was extracted 4 times with 100 volumes 
of solvent, taking measures that would tend to avoid denaturing the 
protein. The extractions were made with anhydrous solvents for 
one-half hour each in vacuo at 0°-5°C., shaking every 5 minutes. 
The powder was centrifuged off each time and after the last extrac- 
tion dried in a vacuum desiccator. The 4 pentane extracts were 
combined, filtered clear, the pentane distilled off im vacuo and the 
fat taken up in one cc. of sterile olive oil. The 4 chloroform-pentane 
extracts were similarly treated. In other experiments the tumor 
powder fat was partly emulsified with an aqueous solution of egg 
albumen, gelatin or chicken muscle powder. 

The extracts from 200 to 400 mg. of powder were injected into 
muscles of birds. Daily observations showed the injected fat could 
no longer be palpated after 6 days. Autopsy 3 months later con- 
firmed these negative results. The extracted powders, rubbed in 
sterile salt solution, were injected into various muscles of birds in 
doses equivalent to 75, 25, 15, 5, 3 and one mg. With every dose, 
the residue from both extracts produced definitely palpable masses 
within a week. The size of the tumors was proportional to the dose 
administered. Birds injected with the residue of the pentane extract 
developed larger tumors more rapidly than those in which the chloro- 
form-pentane residue was used. With pentane residue, the tumors 
were so large and hemorrhagic that these birds had to be sacrificed 
from 17 to 25 days.after injection. 

Our observations of last year are thus confirmed and extended. 
Typical Rous chicken sarcomas have been produced with as little as 
one mg. of pentane or chloroform-pentane extracted chicken tumor 
No. 1 powder. Tumors may probably be produced with consider- 
ably smaller amounts of these residues. 

Additional indication that the activity lies in the protein fraction 
was obtained by heating the tumor powder, one portion dry and 
another with 50 volumes of water, for 30 minutes in evacuated 
flasks in a bath kept at 60°C. Both flasks were evacuated and then 
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filled with nitrogen 4 times and finally evacuated before heating. 
The dry heated powder when rubbed up with saline and injected 
into the breast and leg muscles in doses of 40 and 10 mg. respec- 
tively in each of 2 chicks produced 4 tumors, whereas the powder 
subjected to the same conditions of heating in the presence of water, 
when similarly injected in 2 birds gave negative results. In other 
words, when the protein was coagulated the activity was lost while 
when denaturing of the protein was limited by dry heat, activity 
Was retained. 

This preliminary work would seem to indicate that the active 
agent is water soluble and probably resides in the protein fraction. 
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Effects of Androgenic Substances in the Female Rat.* 


WarRREN O. NELSON AND CHARLES G. MERCKEL. 
From the Department of Anatomy, Wayne University College of Medicine. 


Butenandt* and others (see Koch?) have reported that some of 
the unsaturated androgens, notably androstene-dione and dehydro- 
androsterone, will induce estrus in the normal infantile rat. Brow- 
man® reported the cessation of estrous cycles in adult normal rats 
injected with androsterone and testosterone. In spayed rats Nelson 
and Gallagher* found that androstane-diol and androstene-dione 
failed to produce vaginal cornification, but did induce uterine and 
mammary hypertrophy and prevented castration changes in the 
hypophysis. 

The administration of testosteronef (0.5 and 1.0 mg. daily), 
androsterone (1.5 mg. daily), dehydroandrosterone (1.0 mg. daily) 
and androstane-dione (1.0 mg. daily) to groups of 2 to 4 spayed 
female rats for 30 days failed in every case to produce vaginal 
cornification (as determined by daily smears and histological sec- 


* This study was aided by a grant from the Committee on Scientific Research 
of the American Medical Association. 

1 Butenandt, A., Die Naturwiss., 1936, 24, 15. 

2 Koch, F. C., Physiol. Rev., 1937, 17, 153. 

3 Browman, L., Proc. Soc. Exp. Biot. AnD MeEp., 1937, 36, 205. 

4 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

+ The writers are very grateful to Dr. T. F. Gallagher and Dr. F. C. Koch for 
their kindness in preparing and furnishing us with the synthetic androgens used 
in this study. 
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tion). In all cases castration changes were completely or almost 
completely prevented. Testosterone and androstane-dione in all 
instances induced definite mammary proliferation and enlargement 
of the uterus. Androsterone and dehydroandrosterone failed to 
induce changes in the mammary glands or uterus. ; 

The above androgens, and in addition, androstene-dione, cis- 
androstene-diol and trans-androstene-diol have been administered to 
groups of 2 to 5 adult normal female rats for 16 to 30 days. Daily 
vaginal smears were made, in each instance, for at least 2 weeks prior 
to the initiation of and throughout the period of treatment. Normal 
4 to 5 day cycles were present in all animals prior to treatment. 

Testosterone at the one mg. daily level completely suppressed 
cycles in one and partially suppressed them in 2 rats. At the 2.0 
mg. daily level cycles were completely suppressed (3 animals). The 
mammary glands showed stimulation and the uteri were enlarged. 
At the 1.0 mg. level the ovaries appeared unaffected, but at 2.0 mg. 
the corpora lutea were enlarged. The hypophyses showed degranu- 
lation of the basophiles. 

Androstane-dione at the 1.0 mg. daily level in 2 rats completely 
and in 2 partially suppressed the estrous cycles. At a 2 mg. level 
complete suppression occurred in 2 animals. The ovaries of the 
animals whose cycles were inhibited showed fairly large corpora 
lutea. The ovaries of the remaining animals were either unaffected 
or slightly subnormal in size. Mammary glands and uteri showed 
erratic responses in this series. Pituitaries showed basophilic de- 
granulation, 

Androstene-dione at a 1.0 mg. daily level only partially sup- 
pressed the cycles of 2 animals. At the 2.0 mg. level suppression 
was complete in these same animals. The ovaries were definitely 
subnormal in size. Mammary glands and uteri were definitely 
stimulated. 

Trans-androstene-diol at a 1.0 mg. level in 2 anitnals failed to 
influence the cycles or to significantly affect the ovaries, mammary 
glands or uteri. 

Cis-androstene-diol in 2 rats at the 1.0 mg. daily level induced 
markedly prolonged periods of estrus. Thus in one animal the 
vaginal smear during the 22-day experimental period was of the 
estrous type for 16 days and in the other for 17 days. The ovaries 
appeared normal, the mammary glands were not stimulated, and the 
uteri were of the estrous tyfe. 

The tendency shown by cis-androstene-dione to induce continued 
estrus was even more apparent for dehydroandrosterone. The 
latter when injected at the 1.0 mg. daily level in normal rats tesulted 
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in estrous type smears for 16 of 18 days, 12 of 20 days, 19 of 22 
days, and 21 of 22 days, respectively. The ovaries were small, the 
mammary glands were not stimulated, and the uteri were large. 

The amazing effect of dehydroandrosterone in the adult normal 
female led us to administer this treatment to 4 hypophysectomized 
females. To our surprise, particularly in view of its failure to 
change the vaginal picture in the spayed rat, the hypophysectomized 
female reacted in a manner even more striking than the normal 
female. Estrous type smears were shown for 21 of 25 days, 22 of 
22 days, 22 of 22 days, and 12 of 14 days, respectively. The 
ovaries were only slightly decreased, the mammary glands were not 
stimulated, and the uteri were enlarged. 

All animals showed a marked enlargement of the preputial glands 
and in many instances a striking enlargement of the clitoris. 

The marked tendency of cis-androstene-diol and dehydroandro- 
sterone to produce periods of prolonged estrus in normal female rats 
may be due to their conversion by the ovary to an estrogenic sub- 
stance. If this is true it seems apparent that ovarian function is not 
entirely suppressed by hypophysectomy since dehydroandrosterone 
shows the same effect in the hypophysectomized female rat. 
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Maintenance of Spermatogenesis in Testis of the Hypophysec- 
tomized Rat with Sterol Derivatives.* 


WARREN QO. NELSON and CHARLES MERCKEL., 


From the Department of Anatomy, Wayne University, College of Medicine. 


Walsh, Cuyler and McCullagh’ reported that the administration 
of urine concentrates containing male sex hormone would prevent 
for as long as 20 days the degenerative changes which occur in the 
testes of hypophysectomized rats. These observations were con- 
firmed and extended by Nelson and Gallagher? and Nelson,* who 
were able to show that spermatogenesis could be maintained for at 
least 60 days after hypophysectomy, and that such males were able 

* This study was aided by a grant from the Committee on Scientific Research 
of the American Medical Association. 

1 Walsh, E. L., Cuyler, W. K., and McCullagh, D. R., Am. J. Physiol., 1934, 
107, 508. 

2 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

3 Nelson, W. O., Anat. Rec., 1936, 67, 110 (suppl.). 
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to sire normal litters. It was shown, however, that the interstitial 
cells are not stimulated and that male hormone preparations failed 
to reinitiate spermatogenesis in rats which had been hypophysec- 
tomized for several weeks. Nelson** reported that 4 synthetic 
androgenic substances, viz., testosterone, androsterone, dehydroiso- 
androsterone, and androstanedione would maintain spermatogenesis. 
This report presents further evidence on these and 3 other sub- 
stances, viz., androstenedione, cis-androstenediol and trans-andro- 
stenediol. 

In the experiments to be reported here the administration of the 
synthetic androgenst was begun on the second day after hypophy- 
sectomy and continued for 20 days. Table I presents the pertinent 
data concerning these experiments. 

It will be noted that testosterone, the most potent known andro- 
genic substance, is the least effective, with the exception of trans- 
androstenediol which is very weak, of all the androgenic substances 
in maintaining spermatogenesis. Dehydroisoandrosterone and cis- 
androstenediol, relatively weak androgens, are as active as the more 
potent, from an androgenic standpoint, androsterone. Androstane- 
dione and androstenedione have about the same androgenic activity 
as androsterone, but are superior in their capacity to maintain the 
testes. 

It seems apparent that the capacity of these substances to main- 
tain spermatogenesis is unrelated to their androgenic activity as 
based on either the capon comb or rat sex-accessory tests. This is 
of considerable importance in view of the fact that Hamilton’ and 
Cutuly, McCullagh and Cutuly® have recently expressed the opinion 
that the effect of androgenic substance on the testis of the hypo- 
physectomized rat is due to its action in maintaining a normal 
scrotum. While there can be little doubt that androgenic hormone 
does have a stimulating effect on the scrotum we are convinced that 
this action plays a relatively minor role in the phenomenon. In 
animals receiving testosterone the scrotum is very large and pendant, 
yet the testes are markedly regressed and spermatogenesis, while in 
progress, is only moderately well maintained. In animals receiving 


4 Nelson, W. O., Anat. Rec., 1937, 67, 36 (suppl.). 

+ The writers would like to express their appreciation to Dr. T. F. Gallagher 
(of Berlin), Dr. F. C. Koch (of Chicago), and to Dr. Erwin Schwenk (of the 
Schering Corporation) for the various androgens; to Dr. Oliver Kamm and 
Dr. O. A. MeGinty (of Parke, Davis & Co.) for the oestrogenic hormone. 

5 Hamilton, J. B., Proc. Soc. Exp. Biou. AnD Mep., 1936, 35, 386. 

6 QOutuly, E., McCullagh, D. R., and Cutuly, E. C., dm. J. Physiol., 1937, 
119, 121. 
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androstane-dione at the 0.5 mg. level the scrota are definitely less 
well maintained, yet the testes are almost normal in size and sperm- 
atogenesis is well maintained. 

Bree Various crystalline androgens have been shown to 
maintain spermatogenesis in the hypophysectomized rat if treatment 
is begun soon after ablation of the hypophysis. They are not 
effective in re-initiating spermatogenesis. The capacity of these 
substances to maintain the testis appears to be unrelated to their 
male hormone activity. 
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Effect of Oestrone on Hypophyses and Reproductive Organs of 
Thyroidectomized Rats. 


WarrREN O. NELSON AND JANE HICKMAN. 


From the Departments of Anatomy, Wayne and Yale Universities. 


Kojima,’ Severinghaus, Smelser and Clark,” and Zeckwer*® * have 
studied the hypophyses of thyroidectomized rats. Their reports 
agree that the basophiles increase in number and size and that the 
reaction is similar to that which occurs following gonadectomy. 
Zeckwer* considers that the reaction is sufficiently different to sug- 
gest the possibility that the basophiles are of 2 distinct types, viz., 
those which react to gonadectomy and those which react to thyroid- 
ectomy. She further suggests that these 2 basophilic types are con- 
cerned in the production, respectively, of the gonadotropic and the 
thyrotropic hormones. Zeckwer also reports that the acidophiles 
are markedly decreased. The findings of Severinghaus, et al., are 
in essential agreement as they find extensive acidophilic degranula- 
tion. Cells which their technique would show to be recently de- 
granulated would be classified as Enrontaphob-. with the technique 
used by Zeckwer. 

Zeckwer’s suggestion that the cells which react to thyroidec- 
tomy are a separate type from those which react to gonadectomy 
suggested the treatment of a series of thyroidectomized rats with 


1 Kojima, M., Quart. J. Exp. Physiol., 1917, 11, 319. 


2 Severinghaus, A. E., Smelser, G. K., and Clark, H. M., Proc. Soc. Exp. Brox. 
AND Mep., 1934, 81, 1127. 


3 Zeckwer, I. T., Davison, L. W., Keller, T. B., and Livingood, C. S., Am. J. 
Med. Sci., 1935, 190, 145. 


4 Zeckwer, I. T., Am. J. Physiol., 1936, 116, 166 (suppl.). 
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oestrone. This substance will prevent or correct the changes which 
occur in the basophiles following castration. 

Twenty-five adult female and 12 adult male rats were thyroidec- 
tomized. Of these 8 females and 4 males were also gonadectomized. 
At the conclusion of the experimental period the hypophyses, gonads, 
adrenals, and accessory reproductive organs including the mammary 
glands were recovered for histological study. The techniques 
employed by both Severinghaus and Zeckwer were employed in rep- 
resentative instances. The entire thyroid region was sectioned ser- 
ially and in every instance was found to be free of residual thyroid 
tissue. 

Five T-animals* and 3 T-C-animalsf were sacrificed on the 22nd 
day after thyroidectomy, 5 T- and 3 T-C-animals on the 42nd day, 
and 2 T-animals on the 122nd day. Five T- and 6 T-C-animals were 
sacrificed at 42 days, having received 40 R.U. of oestrone daily dur- 
ing the last 20 days. Five T-animals were treated during the entire 
42-day period and 3 T-animals were sacrificed at 122 days, having 
received treatment during the last 30 days. 

The hypophyses of the untreated animals showed the changes 
which have been described by others. It was possible to distinguish, 
as Zeckwer has indicated, between “thyroidectomy” and “castra- 
tion” changes in the basophiles. However, the injection of oestrone 
in every instance completely or almost completely prevented, or in 
the cases of delayed treatment, corrected both types of changes. A 
marked decrease in the number of granulated acidophiles was present 
in all animals and was apparently unaffected by oestrone-treatment. 

The effect of oestrone upon the ovaries of the females thyroidec- 
tomized for 42 days and injected the last 20 days was the same as 
in the normal female, 7. e., large corpora lutea were present. In the 
animals injected during the entire 42-day period or during the last 
30 days of the 122-day period the ovaries were very small and 
showed no corpora lutea. The mammary glands of all animals re- 
ceiving oestrone showed marked development. This is in agree- 
ment with the earlier reports (Nelson’ and Nelson and Tobin®) that 
oestrone alone will induce marked mammary gland growth in the 
rat and that mammary development may occur in the absence of the 
thyroid. 

In the untreated thyroidectomized males the reproductive organs 


* T animals refers to thyroidectomized animals. 

+ T-C animals refers to thyroidectomized-castrated animals. 

5 Nelson, W. O., Anat. Rec., 1935, 64, 52 (suppl.). 

6 Nelson, W. O., and Tobin, C. E., Endocrinology, 1937, in press. 
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were normal in weight and miscroscopic appearance. The reproduc- 
tive organs of the males receiving oestrone showed the same marked 
damage that occurs in the intact male treated in a similar fashion. 
The testes were markedly atrophied and the accessories were very 
small. 

The effectiveness of oestrone in preventing and correcting the 
changes which occur in the hypophysis following thyroidectomy is 
similar to its action on the changes that follow castration and ap- 
pears to be evidence against the idea that the basophiles which react 
to the 2 operations represent 2 different cell types. It seems probable 
that there is only one type of basophilic cell in the anterior hypophy- 
sis. This cell in different phases of its secretory cycle may react to 
castration in one fashion and to thyroidectomy in a slightly different 
manner. 
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Further Experiments on the Grafted Eye and the Regeneration 
of the Lens in Amphibians. 


L. S. STONE AND’ R. R.-CHACE 
From the Department of Anatomy, Yale University School of Medicine. 


These studies are another part of a series of investigations which 
have already been reported** on the grafted vertebrate eye. The 
present one is based upon results obtained in 262 operated eyes in 
an adult salamander, Triturus viridescens. In 110 cases the eye was 
excised and reimplanted in its orbit, 7. e., replaced in its normal en- 
vironment. In 90 cases the lens was removed through an incision 
made in the cornea. In 62 cases the main blood vessels leading to 
the eye were severed either along with or without the optic nerve. 
In a majority of animals the eyes and lenses were measured and dis- 
sected in the fresh state. 

When the eye is reimplanted there is some reduction in its size 
followed by a degree of recovery. Careful measurements of the 
fresh eye show that up to 365 days there is no complete recovery. 


1Stone, L. 8., and Ussher, N. T., Proc. Soc. Exp. Bion. AND Mep., 1927, 
25, 213. 


2 Stone, L. S., J. Hap. Zool., 1980, 55, 193. 
3 Stone, L. S., and Cole, C. H., Proc. Soc. Exp. Bion. anD Mzp., 1931, 29; 176: 


4Stone, L. S., Zaur, I. S., and Farthing, T. E., Proc. Soc. Exp. Bron. anp 
Mep., 1934, 31, 1082. 
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Cases vary from 85% to 98% of attaining their normal size during 
this time. In the specimens from which the lens was removed there 
was also a slight decrease in the size of the eye following operation. 
This, however, proved to be only temporary, for there was complete 
recovery by the 120th day. 

When the eye is reimplanted the lens disintegrates as shown in 
previous experiments on adult amphibians (op. cit.). The new lens 
in this type of experiment begins to develop from the dorsal part of 
the pupillary margin of the iris from 18 to 20 days after operation. 
At the end of 365 days the size of the regenerated lens varies from 
72% to 92% oi its original measurements. In size the degree of 
recovery is approximately the same as that of the bulb as a whole. 

In those cases where the lens was eliminated by removing it 
through an incision in the cornea the new lens originated in the 
Same manner as in the reimplanted eye. This supports recent find- 
ings of Sato.” However, the first appearance of the regenerating 
lens was earlier than in the grafted eye, for it was first seen as early 
as the tenth day. At the end of 200 days the new lens is varied from 
75% to 95% of the normal size. From a study of the ratio of lens 
and eye sizes there is no indication that the regenerated lenses would 
reach normal size if left for a much longer time. 

The cutting of the optic nerve with its accompanying blood ves- 
sels leading to the eye does not stop the circulating blood which one 
can see moving in the iris. Also the circulation in the eye is not 
eliminated by merely cutting all the blood vessels leading from the 
walls of the orbit to the eye and leaving the optic nerve intact. In 
either type of experiment the presence of a small amount, but con- 
tinuous supply, of circulating blood is sufficient to prevent the disin- 
tegration of the lens and retina. All vessels and the optic nerve 
must be severed in order to produce the same effect as in the case of 
the grafted adult eye. 

In those cases where the optic nerve was severed the regeneration 
of the nerve was rapid. Three specimens selected for tests for 
return of vision in the operated eye showed visual function 63, 65 
and 70 days respectively, after operation. This is about the time 
one finds it in the grafted eye of this species. The technique for 
visual tests was the same as that already described in detail.* 


5 Sato, T., Arch. f. Entwmech. d. Org., 1933, 1380, 20. 
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Induction of Pseudopregnancy in Rat by Silver Nitrate on 
Nasal Mucosa. 


SAMUEL RosEN AND M. C. SHELESNYAK. (Introduced by Robert 
T. Frank.) (With technical assistance of Philip Rosenberg 
and Helen v. Rosen. ) 

From the Department of Laboratories, The Mount Sinai Hospital, New York City. 


Physiologic relationship of nasal and genital regions has been 
described chiefly by Fliess’ and Brettauer.* Recent studies have 
been made by Collip and his collaborators.* Suggestive clinical ob- 
servations by one of us (Rosen) stimulated a series of laboratory 
experiments in an effort to establish evidence of a specific naso-gen- 
ital mechanism. Results reported herein are taken from a large 
and varied group of experiments. 

Adult female albino rats, from an inbred colony, were used. They 
were isolated from males, fed a diet of hospital table scraps supple- 
mented with greens, Pablum, powdered milk, and cod liver oil. The 
regularity and the nature of the sexual cycles of all the stock females 
were determined from vaginal smears. Only rats with regular 4 or 
5 day cycles were used. After the observation of 4 to 6 consecu- 
tive regular cycles, treatment consisting in the application of silver 
nitrate solution to the mucosa of the conchae was started. The 
silver nitrate solution was applied in one group with a fine cotton 
applicator ; in a second group, by instillation of 0.05 cc. AgNo; using 
a tuberculin syringe. The time of treatment was: (a) during the 
proestrus and estrus of 2 consecutive cycles, a total of 6 days with 
interruption by 2 rest days, and (b) during diestrus, proestrus, es- 
trus and diestrus, a total of 6 days application. This second type 
of treatment was more generally used. Certain animals received 
10%, others 20% and still others 50% (gm., %) solutions during 
entire treatment period ; others received progressively increased doses 
of 10, 20, 50% for 2 days each. Two control studies were made by 
(a) using NaCl (0.9%) and (b) applying silver solutions to the 
buccal mucosa. All cases, experimental and control, were treated 
under light ether anesthesia. 

A group of the animals which experienced a post-treatment pro- 
longation of the diestrous phase was autopsied during diestrus and 

1 Fliess, H., 1897, Leipzig and Wien. 

2 Brettauer, J., Am. J. Obs. and Dis. Women and Children, 1911, 64, No. 2. 

8 Mortimer, H., Wright, R. P., Collip, J. B., Canadian M. J., 1936, 35, 503. 
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EXPERIMENTAL CONTROL 
Fie. 1. 
Graph shows number of cases in each series and positive responses (cross- 
hatched). 


Experimental—A, B — 2 groups receiving 10, 20, 50% progressively, 2 days 
each, with cotton applicator. 

1, 2, 3 = 3 groups treated as A, B but with instillation by catheter. 

I, I, II = 50, 50; 10, 20; 10, 50% respectively, with cotton applicator, on 
two consecutive estrus periods. 

IV = 10% with applicator for 6 consecutive days. 

Control—S, D = Nasal application with dry catheter for 6, 4 days. 

N = Nasal application 0.9 NaCl, for 6 days. 

M = Buceal application of 10, 20, 50% progressively, 2 days each concentra- 


tion. 


the ovaries examined; a second group was operated on the 4th or 
5th day of leucocyte phase and the uteri were traumatized with silk 
thread loops (longitudinal—Shelesnyak*) to provoke deciduoma 
formation. 

Of 186 animals included in this study, 127 were treated intra- 
nasally with silver nitrate. The weighted average length of 1400 
cycles was 4.1 days. Prolonged cycles ranged from 8 to 21 days. 
Of the 127 experimental animals, 69 (or 54%) cases experienced 
post-treatment prolongation of leucocyte phase. One technique of 
treatment induced 30 positive reactions of 59 trials (77%). Three 
cases evinced a decidual reaction in the traumatized uterus. Of the 


4 Shelesnyak, M. C., Am. J. Physiol., 1933, 104, 693. 
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69 controls 4 cases of prolongation occurred; 3 of them 8-day cycles 
and one a 13-day. Three of these 4 prolonged cycles were in cases 
which received nasal manipulation but no silver salt. 

The findings establish the existence of a naso-genital relationship 
whereby nasal stimulation elicits an ovarian response, a diestrual 
prolongation. On the basis of luteal ovaries and decidual reactions 
in traumatized uteri, this prolongation must be considered pseudo- 
pregnancy. 

The authors are grateful for the helpful guidance of Dr. Robert 
T.Frank, 
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Is Antibody-Globulin “Denatured” by Its Combination 
with AntigenP 


SANForRD B. HooKER AND EpNA M. FOLLENSBY. 


From the Evans Memorial, Massachusetts Memorial Hospitals, and Boston 
University School of Medicine. 


It has frequently been stated that antibody becomes “denatured”’ 
when combined with its antigenic or haptenic counterpart. ‘“Dena- 
tured” is one of our slippery words which has a loose rather than 
a definitive signification. Perhaps “lessened solubility’? most com- 
monly expresses what is meant by denaturation. Shibley* has re- 
corded the remarkably identical electrophoretic behavior of therm- 
ally denatured normal globulin and of bacteria thoroughly coated 
with antibody-globulin. But, that antibody-globulin has not really 
lost its natural (and very labile) qualities as a result of its combina- 
tion with antigen, is shown by the facts that dissociated antibody 
retains its specific combining characteristics, and immune sera pro- 
duced by injecting antibody-antigen complexes not only reflect the 
species-specificity of the serum,” but also the particular features of 
different kinds of antibody, e. g., that of antipneumococcal serum 
is antigenically somewhat different from diphtheric antitoxin’— 
each having been combined with its antigen before injection into 
the antibody-producing animal. 

To compare, in another way, the properties of specific globulin- 
antigen compounds and thermally denatured globulin we have mixed 

1 Shibley, G. 8., J. Hap. Med., 1929, 50, 825. 

2 Braun, H., Z. f. Immunitétsf., 1909, 8, 53. 

3 Ando, K., Kee, R., and Komiyama, T., J. Immunol., 1937, 32, 181. 
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an opalescent solution of the latter (normal rabbit’s serum, diluted 
with 3 volumes of water, steamed for 15 minutes, and centrifuged) 
with specific precipitative systems (hemocyanin and ovalbumin) 
and have found that the amounts of precipitated nitrogen were no 
greater than those produced in mixtures not containing the heated 
normal serum whether in the zone of equivalence, of excessive anti- 
gen, or of excessive antibody. In these respective zones the com- 
parative figures, averages from duplicate analyses, were 0.512 and 
0.489; 0.517 and 0.509; 0.402 and 0.408 mg. N in the Fulgur carica 
hemocyanin-system ; 0.103 and 0.110; 0.106 and 0.117; 0.172 and 
0.181 mg. N in the Limulus polyphemus-system. Mixtures of oval- 
bumin and its antiserum (rabbit) were made only in the zone of 
equivalence and of excessive antibody. The nitrogens in the precipi- 
tates were 0.743 and 0.749; 0.498 and 0.502 mg. 

Thus, the prominent cohesive property of specifically combined 
antibody-globulin is not developed by thermally denatured normal 
globulin, although, in Shibley’s experiments, the ¢-potentials of the 
two forms were identical. This negative evidence is reported be- 
cause it slightly narrows the field wherein we must search for an 
answer to the question: What makes combined antibody sticky? 
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Occurrence of Birefringence in the Fertilized Egg of the 
Sea Urchin. 


A. R. Moore anp W. A. MILLER. 


From the Laboratories of General Physiology and Physics, University of Oregon, 
Bugene. 


In preliminary experiments it was observed that, after fertiliza- 
tion, the eggs of Strongylocentrotus purpuratus showed, near the 
periphery, light and dark phases when rotated between crossed 
Nicols. The effect, however, was partially masked by the opaque 
granules of the cytoplasm. In order to eliminate this difficulty the 
unfertilized ova were centrifuged at approximately 60,000 gravities 
for 3 minutes, flotation of the eggs being insured by the addition 
of sufficient M/1 solution of sucrose to the sea water in the tubes. 
After centrifugation the eggs were transferred to sea water and 
microscopic preparations made in the usual way. The eggs appeared 
elliptical in shape, with the nucleus at the centripetal end and the 
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opaque granules at the opposite pole occupying about % of the egg. 
The remaining %4 of the egg was transparent and showed no bire- 
fringent effects with polarized light. Within 3 minutes after fertili- 
zation, however, when the membrane was forming and afterward, 
the clear cytoplasm gave evidence of birefringence so definite that 
the angle between light and dark phases could be measured. In all 
35 measurements of the angle were made and these yield a mean 
value of 31°, with extremes of 24° and 37°, the intermediate values 
being consistently distributed on a probability curve. Now the 
optical section of the egg is something less than 72, and since such 
a minute quantity of polarizing molecules (e. g., sugar) in solution 
would not be sufficient to rotate the beam of polarized light, it is 
necessary to assume that the rotation is due to a regular grouping of 
molecules to form a multimolecular lattice with birefringent proper- 
ties similar to those of a crystal, a starch grain, a filament of silk, a 
muscle fibril. Fertilization, therefore, causes an arrangement in 
regular pattern of certain molecules or micels of the cytoplasm. It 
is obvious that with crossed Nicols there would be, with an aniso- 
tropic crystal, 4 dark and 4 light phases for a complete rotation of 
the specimen, whereas we have obtained 6. The solution of this 
problem probably lies in the same direction as that of the peculiar 
birefringence of the starch grain. The effect which we have ob- 
tained may be related to the chemical change reported by Mirsky,* 
who found that the percentage of soluble protein in the egg of the 
sea urchin diminishes and that of the insoluble protein increases as 
the result of fertilization. A relation of the effect under considera- 
tion to the migration of the nucleus after fertilization is also sug- 
gested, since it has been shown that the nucleus is probably pulled 
into position by contractile structures in the cytoplasm.” 


1 Mirsky, A. H., Science, 1936, $4, 333. 
2 Moore, A. R., Protoplasma, 1937, 27, 544. 
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Effect of Digitalis Administration on Experimental 
Hypertrophy.* 


Epwarp H. ScHWAB AND GEORGE HERRMANN. 


From the Department of Practice of Medicine, University of Texas, Medical 
Branch, Galveston, Texas. 


The experimental studies that have been cited in support’ of the 
contention that digitalis administration inhibits or retards the de- 
velopment of cardiac hypertrophy under conditions which usually 
bring it about, are not conclusive. Cloetta’s’ conclusions are open 
to criticism, because too small a number of experimental animals 
were used and because the doses of digitalis administered to his 
animals were much greater than humans could possibly tolerate. 

It was therefore considered desirable to repeat the studies ob- 
viating as nearly as possible these criticisms. In order to accom- 
plish these ends some 200 rabbits have been operated upon with the 
carotid valvulotome for the production of experimental aortic re- 
gurgitation. A total of 60 animals with aortic regurgitation sur- 
vived for 3 weeks or more and approximately two-thirds of the rab- 
bits were given by intramuscular injection, 0.1 and 0.3 cat unit per 
kilo of digalen, digifoline, and digiglusin twice weekly. This dosage 
was calculated to maintain digitalization. 

Of 17 rabbits in which only small lesions, merely the perforation 
of one valve cusp, had been accomplished, 11 had been digitalized and 
6 had received no drug. Only slight hypertrophy was established 
in the hearts of these animals. No difference was noted in the un- 
treated and treated rabbits. 

In 43 rabbits one or more cusps were destroyed and considerable 
cardiac hypertrophy had been produced. Digitalization was carried 
out in 26 of these animals with aortic regurgitation for 30 to 147 
days with an average of 94 days. The 17 non-treated rabbits with 
experimental aortic regurgitation were sacrificed after 38 to 104 
days, an average of 92 days. The details of the findings are shown 
in the diagram. The normal HW/BW was previously established to 
be 0.197.° 


* Supported by Grant 349 and 392 from the Committee of Scientific Research 
of the American Medical Association. 

1 Christian, Henry A., J. A. M. A., 1933, 100, 789. 

2 Cloetta, Max, Arch. f. exp. Path. u. Pharmakol., 1908, 59, 209. 

3 Herrmann, G., Decherd, G., Erhard, P., and Schwab, E. H., Proo. Soc. Exp. 
Biot. AND Mep., 1935, 33, 409. 
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Bactericidal Action of Pectin. 


Epira Haynes, CHARLES A. TOMPKINS,* GRACE WASHBURN AND 
MATTHEW Winters. (Introduced by O. M. Helmer.) 


From the Indiana University Medical Center. 


The possibility of pectin having an effect on bacteria was con- 
sidered in connection with a study of the therapeutic action of a 
pectin-agar, dextrimaltose mixture in the treatment of diarrheas of 
infants.* In order to test this possibility the following experiment 
was carried out. 

Two percent pectint added to heart-infusion broth (Difco) at 
pH 7.6, lowered the pH to 5.0-5.4. The medium was autoclaved 
at 15 pounds for 20 minutes and then transferred to sterile tubes in 
10 cc. quantities. A tube of this medium was inoculated with a 
4 mm. loopful of an 18-24-hour culture of Esch. coli and was 
shaken 25 times to insure thorough distribution. Dilution plates 
were made immediately, then after 24 hours and again after 48 
hours of incubation at 37°C. A control medium without pectin was 
prepared in the same way and uninoculated controls were used to 
check the technic. It was found that the broth containing the pectin 
was either sterile after 48 hours or the number of organisms had 
decreased at least 98% while the bacteria had multiplied in the con- 
trol cultures. This experiment was repeated using the same medium 
adjusted to pH_ 5.5, 6.0, 6.5 and 7.0. Illustrations of the results of 
these tests are shown in Table I. It has been shown that pectin is 
readily altered by alkali? which would explain the loss of the inhibi- 
tory action above pH 5.5. It could not be concluded from this work 
that pectin would decrease the bacterial count in the gastro-intestinal 
tract, particularly in the lower bowel where the reaction is normally 
above pH 5.5. 

Some preliminary work has been done on the treatment of wounds 
with aqueous solutions of pectin with very satisfactory results. These 
wounds have included those of osteomyelitis and other deep wounds 
as well as superficial wounds, some of which had not responded well 
to accepted methods of treatment. An aqueous solution of pectin 
seems to be non-irritating and apparently stimulates growth of gran- 


* Mead Johnson Research Fellow in Pediatrics. 

1 Winters, M., and Tompkins, C. A., Am. J. Dis. of Child., 1936, 52, 259. 

+ Kindly furnished by Sardik Laboratories, New York. 

2 Myers, P. B., and Baker, G. L., Univ. of Del. Agri. Exp. Station Bull., 1934, 
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TABLE I. 
Effect of 2% Pectin on Growth of Esch. coli in Heart Infusion Broth. 
7 Count Count After 
Original after after 48 hr. 
Count 24 hr. 48 hr. % Jo 
pH perce. per ce. per ce. Increase Decrease 
Pectin 5.0 185,000 375 0 100 
Control 5.0 251,000 287,000,000 935,000,000 372,410 
Pectin 5.2 147,000 : 69 99.9 
Control 5.2 37,000 725,000,000 1,337,000,000 3,613,414 
Pectin 5.4 71,000 500 43 99.9 
Control 5.4 78,000 31,000,000 75,000,000 96,053 
Pectin 5.5 90,000 4,967 al 99.9 
Control 5.5 323,000° 513,333,000  2,030,000,000 625,287 
Pectin 6.0 97,000 311,000 390,000,000 401,962 
Control 6.0 250,000 677,000,000  1,103,000,000 441,100 
Pectin 6.5 171,000 310,000,000 720,000,000 420,952 
Control 6.5 167,000 525,000,000 1,117,000,000 668,763 
Pectin 7.0 144,000 286,000,000 315,000,000 218,650 
Control 7.0 129,000 506,000,000 745,000,000 577,420 


ulative tissue. 


In cultural studies, it was found that as the wounds 


healed there was a marked decrease or complete disappearance of 


streptococci and a more gradual diminution of staphylococci. 


It is 


possible that the action of pectin on bacteria is one of the factors 
in the clinical success of this treatment. 
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Effects of Progesterone on the Female Genital Tract after 
Castration Atrophy.* 


FREDERICK L. Hisaw, R. O. GREEP AND H. L. Fevotp. 


From the Biological Laboratories, Harvard University. 


The effects of oestrin-free progestin on the atrophic endometria of 
2 castrated monkeys were described by one of us.t These animals 
had been castrated for 37 days and were given 4 RbU of oestrin-free 
corpus luteum extract daily for 10 days. The endometria of both 
monkeys showed unquestionable premenstrual development. Al- 
though these preparations did not produce cornification of the 
vaginas of castrated rats it could not be stated with certainty that 
they were entirely free of oestrin and that the observed effects were 
due only to the action of progestin. We wish here to present re- 
sults of similar experiments using synthetic progesterone.t+ 

* Aided by a grant from the Rockefeller Foundation. 

1 Hisaw, F. L., Am. J. Obst. and Gyn., 1935, 29, 638. 

t The synthetic progesterone was furnished by the Schering Corporation. 
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A young adult monkey that had been castrated for 242 days was 
given 4 mg. of progesterone daily for 18 days, a vaginal biopsy was 
taken on the eighth day, a thread was placed through the uterus 
on the eleventh day and the animal was killed on the nineteenth. 
Nucleated epithelial cells appeared in the vaginal smear and were 
present in considerable numbers by the eighth day, after which they 
gradually decreased and were almost absent at the conclusion of the 
experiment. The face showed coloration by the seventh day and the 
pale sexual skin developed and maintained a deep red color. The 
uterus, at laparotomy on the eleventh day, measured 11 by 9 mm. 
at its greatest diameters and at autopsy 17 by 13.5 mm. 

This treatment produced a fully developed premenstrual endome- 
trium and epithelial proliferations’ characteristic of an implantation 
site. The cervical glands showed active secretion though the epithe- 
lial cells in most places were not as tall as those seen following injec- 
tions of oestrin. The vaginal mucosa, though thin, showed some 
stimulation both at the time of biopsy on the eighth day and at 
autopsy. 

Experiments similar to those described for monkeys were also 
carried out on castrated rabbits. A rabbit that had been castrated 
one year was given 6 RbU of oestrin-free progestin distributed 
equally over 5 days and killed on the sixth. Another, 8 weeks after 
castration received one RbU of progesterone daily for 7 days and 
was killed on the eighth. Two rabbits, 12 days after castration, 
were given 0.25 and 1.0 mg. of progesterone daily for 7 days and 
killed on the eighth. The uteri of all these animals showed growth, 
mitoses and progestational modification of the endometrium. A 
+++ to ++-+-+ reaction was obtained in all these rabbits except 
the one receiving 4% mg. progesterone daily which showed about +. 

The effects of synthetic progesterone were tested on 4 adult fe- 
male rats, 2 of which had been castrated for 150 days and 2 for 
168 days. One of each pair was hysterectomized just previous to 
the beginning of the experiment for the purpose of determining 
whether or not the uterus had an influence on possible vaginal 
changes. The effects on the vagina were followed by vaginal 
smears and biopsies. Each animal was given 1.0 mg. of proges- 
terone daily for 6 days and killed on the seventh. This treatment 
produced changes in both the uterus and the vagina. The uteri of 
the experimental animals were slightly larger than those of the cas- 
trated controls and the uterine and glandular epithelium showed an 
increase in thickness and occasional mitotic figures. A few nu- 
cleated epithelial cells usually appeared in the vaginal smears of both 
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the hysterectomized and castrated animals by the fourth or fifth 
day of treatment and biopsies and examination at autopsy showed 
a slight though definite thickening of the vaginal mucosa associated 
with some mitotic activity and scattered glycogen granules. 

Although synthetic progesterone was used in most of these experi- 
ments, the results suggest the presence of an oestrogenic substance. 
An attempt to check this possibility was made by collecting the urine 
before and during the treatment with progesterone and analyzing it 
for oestrin. The urine of 2 monkeys and 3 rabbits that were given 
from 0.25 to 2.0 mg. of progesterone daily was extractedt and 
tested on ovariectomized rats. In no instance were we able to obtain 
an effect on the vaginal mucosa. 

It seems quite probable that these effects are due to the direct 
action of relatively large doses of progesterone. It has been found 
previously that one RbU of progestin distributed over 5 days has 
little or no effect on the uterus of the rabbit after complete castra- 
tion atrophy,’ while Lloyd*® has found that 0.5 mg. progesterone 
daily for 3 days stimulates mitotic activity. It is also of interest to 
note that certain of the androgens produce progestational prolifera- 
tion of the endometrium of rabbits* and growth of the mammary 
glands of rats’ thus displaying the physiological properties of both 
progesterone and oestrin. These observations show that these chem- 
ically related hormones are adapted for producing their specific 
effects when present in small amounts yet they have, to a smaller 
degree, certain physiological characteristics in common which can 
be demonstrated under favorable circumstances by increasing the 
dosage. 


{ These urines were extracted by Dr. Pincus and associates by methods devel- 
oped in their laboratory. 

2 Hisaw, F. L., and Leonard, 8. L., Am. J. Physiol., 1930, 92, 574. 

3 Lloyd, C. W., Proc. Soc. Exp. Bion. and Mzp., 1937, 36, 190. 

4 Klein, M., and Parkes, A. S., Proc. Roy. Soc., 1937, 121, 574. 

5 Selye, H., McHuen, C. S., and Collip, J. B., Proc. Soc. Exp. Bion. anp MEp., 
1936, 34, 201. 


843 
9422 
Effects upon Blood Amylase of Variations in Thyroid Activity. 


WILLARD Bartcett, Jr. (Introduced by M. Somogyi. ) 
From the Laboratory, Jewish Hospital, St. Louis. 


The sensitive method of Scmogyi for the quantitative determina- 
tion of blood amylase’ permits the estimation of very low quantities 
of the enzyme. This quality of the method has led to the observa- 
tion that low levels of blood amylase are found as a rule whenever 
liver functions are impaired. Low amylase values were frequently 
observed in cases where dysfunction of the liver was of a moderate 
degree and could not be proved by the customary clinical methods 
employed for estimating liver function. It is the view of Somogyi 
and his coworkers, based on a very large experience, that amylase 
derives largely from the liver, hence the level of amylase in the blood 
is considered to be an important indication of liver function. 

We have had the opportunity of doing occasional estimations of 
blood amylase since 1934 in the course of other work and the fre- 
quent finding of rather low values in patients with thyrotoxicosis, 
particularly before treatment is instituted, has seemed to warrant an 
investigation of serial determinations at varying levels of thyroid 
activity. This has been followed in two directions: 1. as thyroid 
activity increases with thyroid feeding in hypothyroidism; 2. as 
thyroid activity in hyperthyroidism is diminished by treatment with 
iodine and thyroidectomy. 

The blood amylase for normal subjects will fall between values of 
80 and 150 in about 90% of cases; approximately 5% give values 
down to 50 and a further 5% range from 150 to 200; the individual 
values remain remarkably constant for the healthy person. Before 
the serial study which forms the subject of this report was under- 
taken, the following isolated observations were made on patients 
with toxic goiter. 

1. Untreated: 1/3/35, M.A.V., 60; 5/24/35, E.B., 30; 5/18/35, B.M., 66. 

2. Treated (preoperative): 12/10/34, R.C., 72; A.H., 4/26/35, 108; 4/23/35, 
M.K., 75; 4/22/35, M.V., 86; 5/17/35, A.J., 54. 

3. At discharge following operation: 12/17/34, L.S., 78; 4/29/35, M.V., 66; 
6/1/35, B.M., 108; 6/6/35, A. J., 75. 

In the tables which tabulate the results of the present study the 
column headed “D” records the value of the blood amylase, which 
term is preferred to the older one, diastase. Table I indicates that 
hypothyroidism or even myxedema may develop without abnormal 


1 Somogyi, M,, Proc. Soc. Exe. Brow. AND MED., 1936, 32, 538. 
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TABLE I. tar 
Effect of Thyroid Feeding on Untreated Hypothyroidism. 
Before After 
Patient lam —<—S\ (a 
—_—— daily é 
Name Age Sex Date BMR D. dose Date BMR OD. 
E.S. 53, 9 12/2/86 —24 168 gr.ii 3/2/37 — 133 much imp. 
BW. 42, 9 1/7/37 —24 94 iss 2/18 ==112' = 4 a 72 
C.S. 40 Oe 26 TO a 3/7 —7 52 unchanged 
Hil 06, 9952712 —8 84 ii 3/23 0 73 much imp. 
ivelOy SS, MOP IL —12 160 iu 4/17 +14 88 toxic 4/17 
Tey eK ey AY —24 114 i 4/20 —20 89 imp. 
Eee to 9 3/2 —16 84 ii 4/20 —10 73 si. imp. 
Effect of § increasing dose of Thyroid in Hypothyroidism. 
| decreasing ; 
F.H. 32, Q 12/29/86 —12 145 i-ii 3/2/37 —12 123 imp. 
B.B. 26, 9 1/8/37 —2(?) 114 i-iss 3/16 —l1 100 ” 
Wie 29 eee —10 123 i-ii 3/23 —9 04. Tua 
Jabal = tsp ey ele —6 47 ipl 4/20 12s) gee ee 
Keo 475 Oe Ae —9 46 iii 3/4 —16 57 ? toxic 1/14 
TED esos no eee Alia —2 46 iimi 5/15 —9 55 toxic 4/17 


blood amylase values. This must not be taken to mean that values 
above the normal range may not be found in a larger series of cases 
since only E.S. and E.W. had spontaneous hypothyroidism, the re- 
mainder of the cases being of postoperative hypothyroidism; as will 
be seen later, the amylase may rise only very slowly following opera- 
tion and in Table III is recorded a value of 67, two months fol- 
lowing operation, at a time when the patient had developed myx- 
edema. Further study of spontaneous hypothyroidism and of very 
long-standing postoperative hypothyroidism may reveal grossly 
elevated values. The tendency of the blood amylase to fall, how- 
ever, in response to thyroid medication is unmistakable, only one 
patient (E.W.) showing a rise. The fall is quite abrupt in F.D., 
who showed definite thyroid intoxication on 4/17. In the second 
portion of Table I, H.K. and L.D. show a slight rise after decrease 


TABLE II. 
Effect of Thyroid Feeding on Neurotic Patients with Questionable Hypothyroidism. 
606E@au63$@3e—6—&=—0N—KjKNe€N{jR—w“_“_#«2_092_0?_0@0@qaoa>oO=O>a=“=<s@m@?anmn@amamnamapwmSwmnmnm”0a»0D@Wu0»=«aou»$"waaR eo 


Before After 


Patient OS 
—— | daily 
Name Age Sex Date BMR D_ dose Date BMR D 
M.E. 35, Q 12/3/36 —16 123 ii 1/15/37 —7 128 no imp. 
Nellis SD, AYA ABV —25 100 iss 1/29 19 Ugo Neel Ce 
Watalis BA), GP YAS 2 eS 0 ttl 7229) —4 SO ae ae 
B.H. 47, Q 2/4 —ll 73 | ByAlY/ —6 SS Aa se 2 
Wists G5 Ch ayia —15 123" 1 5/8 — 64 sl. toxic 5/8 

Effect of decreasing dose in same group. 

G.W. 33, Q@ 12/23/36 —2 88 ii-0 1/25/37 —13 88 no change 
IMG We SOs Queeedl/0/ 701 Smo UG. ine By/@) —6 100 togie 1/5 
WSS, AD, aly +6 50 iiss 3/6 il) 55 toxie 1/17 
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of thyroid dosage from 2 grains of desiccated thyroid substance to 
1 grain, daily. Patient C.S. was not distinctly hypothyroid in any 
respect before thyroid feeding was started; she had a recurrence of 
palpable thyroid tissue some eighteen months after operation for 
toxic goiter and was given thyroid substance in the hope that fur- 
ther growth of her goiter would be prevented. 

In Table II is recorded experience with a group of patients whose 
well-defined neuroses more or less closely simulated hypothyroidism. 
These patients were usually given only a short course of thyroid 
feeding as a therapeutic test (M.E. took thyroid only 3 weeks, as 
did H.R. and A.L.) and little or no change is seen in these individ- 
uals, but M.H., who became mildly thyrotoxic, shows a pronounced 
fallin amylase. An unexplained rise is seen in one case (B.H.) and 
an unexplained fall on decreasing the dosage in another (M.W.), 
although the latter patient was so highly erratic as to somewhat 
vitiate any conclusions ; she also had several severe upper respiratory 
infections during the period of observation and any intercurrent 
infection may lower the blood amylase. The time element is of 
importance here, for in M.E., H.L. and G.W. no change in amylase 
is noticed over a period of a month or less although the basal metab- 
olism is appreciably altered within this length of time. 


TABLE ITI. 
Thyrotoxicosis: Effect of Treatment. 


Patient Unstabilized Stabilized Post-operative 


(SS ee re ————— an 
N. AgeSex Date BMR D Date BMR OD Op. Date BMR D 
A.H. 46, 9 12/8/36 +26 59 12/21/36 +14 53 12/22 2/5/37 —4 80 
R.M. 61, ’? 12/2 152 12/17 & 28 2/17 —2 230 
MiGisoioe 2 12/3 +30 24 3/17/37 +25 15 3/18 & 264/17 —8 29 
A.L. 38, °? 2/4/37 +27 388 2/716 +6 53 2/18 4/21* —24 67 
Rebs 405-3? 12/30/36 +10 75 1/2/37 2/17* —24 114 
M.V. 20, ’’? 2/5 +11 74 3/29/37 —21 100 

DB 42) 72 2/16 2.0) 1234721 +13 145 

AGEs OL 12/5/36 —1 80 12/10 12/31 —24 84 
EB. 39, 1/8/37 +31 66 1/9 1/15 +7 70 


2 
PB. 46, 27) 2/23 --oP 73 4/28 +26 94 


Table III indicates the occasionally very low values that are 
found in thyrotoxicosis and the tendency for the amylase to rise 
when important improvement is seen in the basal metabolism and in 
clinical status. There has not been any apparent difference in the 
behavior of the amylase in respect to the type of goiter with which 
the thyrotoxicosis was associated in this small series, solitary ade- 
noma, multinodular goiter and diffuse hyperplastic goiter all being 
represented. The direction of change is the same for all types, 
once thyrotoxicosis is established; larger series of cases may reveal 
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quantitative differences varying with the pathological classification. 
(In one patient, not included here, C.H., no activity whatever of the 
serum had occurred after 30 minutes of incubation; this indicates 
an almost complete lack of activity of the ferment.) Eight deter- 
minations were made before operation on patient M.G. over a 
period of three months during which she was highly refractory to 
treatment and seemed to be on the verge of thyroid crisis at times. 
The amylase values were exceedingly low, varying from 15 to 48 
during these exacerbations and remissions of her condition. In the 
first five cases recorded in Table III, the postoperative observations 
have been made at a sufficiently remote period that the amylase has 
reached or surpassed the preoperative values, yet M.G. is still far 
below normal and, as has been noted, A.L. had actually developed 
myxedema though her diastase had come up only to the lower 
ranges of normal. R.T. had also developed myxedema though her 
preoperative figure was not so low as with M.G. and A.L. One 
would judge from this that the return of the blood amylase to nor- 
mal lags behind the improvement in other respects, as judged by 
basal metabolism and the circulatory status. This is also indicated 
by the preoperative course of A.H. and A.L. and by the early post- 
operative observations on A.F. and L.B. 


TABLE IV. 
Behavior of Amylase in Early Post-op. Phase. 


Pre-op. Post-op. 
—_—— E (i no 

Patient Amylase 
a ae a Titre. ae > a kaa 
Name Age Sex BMR 8 hr. 24 48 5d. 
GH =6.0 8 50 48 53 

temp. F. 98.6 99 
Wide RS 52 53 55 

temp. 99 98.8 
Dee Ome +26 94 48 47 52 59 

temp. 99 100.2 98.6 98.6 
(Ep dies BO, “S +16 76 42 35 43 57 

temp. 98.6 98.6 98.8 98.6 
Uglies 2Pe © +15 114 84 80 

temp. 99.4 102 
ES nen e® +5 73 46 41 66 

temp. 99 99 99.6 


More striking evidence of the importance of the time element and 
further indication as to the behavior of blood amylase in thyro- 
toxicosis is furnished in Table IV, in which serial observations are 
recorded for the immediate postoperative phase, during the period 
in which an exacerbation of all signs of thyroid intoxication is pro- 
duced by the operation itself. In thyrotoxic patients a thyroid 
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crisis in miniature is produced during the first 48 hours after oper- 
ation; on the other hand, little or no reaction is observed following 
operations on non-toxic goiters. The two patients in Table IV, 
G.H. and E.J., who were operated on for non-toxic, encapsulated 
adenoma of the thyroid, show no variation in the amylase during 
the immediately postoperative phase although their preoperative 
levels are low. Quite different is the reaction to operation of the 
other four patients, P.B., G.R., K.P., and E.S., who were distinctly 
thyrotoxic and were operated on for diffuse hyperplastic goiter 
after the usual preparatory treatment. They show an immediate, 
important fall in blood amylase in observations made 8 hours after 
operation ; this low level is maintained for at least 48 hours and the 
preoperative level may not have been reached at the time of dis- 
charge from the hospital in 5 days. As shown in the table, this 
process may occur without significant febrile reaction. 

There has long been reason to suspect that there was functional 
impairment of the liver in thyrotoxicosis, though no conclusive 
evidence as to its constancy or as to the mechanism involved has 
been available. The occasional jaundice seen in patients dying in 
thyroid crisis and autopsy findings indicative of hepatitis have not 
been clearly distinguishable from similar occurrences complicating 
other febrile forms of exitus; there is much further similarity be- 
tween the clinical courses of patients in thyroid crisis and in the 
terminal stages of acute hepatitis in that both are marked by fever, 
delirium and coma and loss of vasomotor tone with fall in blood 
pressure. There is ample evidence in the German literature of the 
last 10 years that the blood lactate rises to abnormal levels and re- 
turns very slowly to the resting level after measured exertion in 
thyrotoxic patients and this has been attributed to improper resyn- 
thesis of lactic acid to glycogen on the part of the liver. Finally, 
the author? has reported that death occurs in postoperative thyroid 
crisis even though an afebrile course be maintained by the employ- 
ment of a continuous neutral bath; we consider this clear evidence 
that a metabolic intoxication is the principal factor in thyroid crisis 
and that it may lead to a fatal issue even though the factor of hyper- 
combustion be controlled. The present work indicates, pending 
proof to the contrary, that the most important site of disturbed in- 
termediary metabolism is the liver. Whether a derangement of the 
metabolism of substances other than carbohydrates also occurs will 
be learned by the anticipated improvement in such other tests of 
liver function as that of hippuric acid excretion, as advocated by 


2 Bartlett, W., Jr., Tr. Section Surg., A.M.A., 1936. 
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Quick;* there is still controversy as to results obtained by its use 
in thyrotoxicosis. 

Conclusions. Increased thyroid activity is accompanied by de- 
crease in the amount of the blood amylase, and vice versa. There 
is a pronounced fall in the level of blood amylase within 8 hours 
following thyroidectomy in thyrotoxic patients; this does not occur 
after operations for non-toxic goiter. The return of blood amylase 
to normal values following thyroidectomy lags behind the improve- 
ment in clinical status and the restoration of basal metabolism to 
normal level. These events are considered to be evidence of im- 
paired liver function in thyrotoxicosis. 
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Action of Atropin and Eserin on Adrenalin Secretion Caused 


by KCI and CaCl.* 


GERHARD Katz AND GERTRUD Katz. (Introduced by J. T. Halsey.) 


From the Department of Pharmacology, Tulane University. 


The introduction of CaCl. or KCI into the adrenal circulation is 
known to cause a secretion of adrenalin (Bacq and Rosenblueth,* 
Feldberg,” Katz and Katz*). In the present investigation we have en- 
deavored to determine whether this adrenalin secretion in cats can be 
influenced by previous injections of atropin or eserin, assuming that 
atropin may decrease the amount of adrenalin secreted upon CaCl, 
or KC] injection, while eserin may enhance it. Such results would 
justify the working-assumption that the salts act on the adrenal me- 
dulla by means of an acetylcholin-like transmitter, as has been shown 
for the action of KCl on other organs such as salivary glands, 
tongue, sweat glands (Feldberg and Guimarais*), or for the trans- 
mission of splanchnic stimulation to the adrenals (Feldberg and co- 
workers” °), 


Our method of recording the adrenalin output effected by the 


3 Quick, A. J., Arch. Int. Med., 1936, 57, 544. 

* Aided by a grant from the David Trautman Schwartz Research Fund. 
1 Bacq, Z. M., and Rosenblueth, A., 4m. J. Physiol., 1934, 108, 46. 
2See 4. 

3 Katz, G., and Katz, G., J. Pharm. and Exp. Ther., 1937, 59, 284. 

4 Feldberg, W., and Guimarais, J. A., J. Physiol., 1936, 86, 306. 

5 Feldberg, W., and Minz, B., Pfluegers Arch., 1933, 233, 657. 

6 Feldberg, W., Minz, B., and Tsudzimura, H., J. Physiol., 1934, 81, 286. 
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salts was the one developed by Feldberg and coworkers’ and used 
in Our previous investigations on CaCl, and KCl.* It consisted in 
comparing the effects on blood pressure and nictitating membrane 
produced by the salt when injected into a vein or into the central 
stump of the coeliac artery. The animal was eviscerated and with 
restricted circulation (aorta and vena cava tied at kidney level, the 
kidney vessels tied close to the kidneys). A small dose of the drug 
causes little or no effect upon intravenous injections, while the same 
amount injected into the central end of the coeliac artery reaches 
the adrenals in more or less concentrated form and may cause an 
adrenalin secretion. This latter adrenalin secretion manifests itself 
by a rise in blood pressure and a retraction of the denervated nicti- 
tating membrane after some latent period. These effects may be 
abolished by removal of the adrenals or enhanced by cocaine admin- 
istration. They persist in decerebrated and pithed animals. Cats 
under dial anesthesia were used. 

It was found that 0.2 mg. of atropin i.v. diminish the adrenalin 
secretion caused by Ca or K for a period of about 5 minutes (Fig. 
1), while the effects of injected adrenalin remained unaltered. This 


KCl Atropin KCi Adrenalin Ee 


pegs i.a.coel. sulf.i.v. i.a.coel. 1eV~ i.a.coel. 
Fig. 1. 


Eviscerated cat, Dial anesthesia, restricted circulation. Effects on blood pres- 
sure of 2.5 adrenalin, intravenously, and 1.25 mg. KCl into central end of coeliac 
artery before and 2-10 min. after intravenous injection of 0.2 mg. atropin. 


short action of the atropin on the adrenals corresponds to the obser- 
vation of Feldberg and Minz on adrenalin secretion caused by in- 
jected acetylcholin.” They found that an injection of acetylcholin dis- 
charged a decreased amount of adrenalin after intravenous injection 
of 2 mg. of atropin and that this effect lasted for about 2 minutes 
only. 

In our experiments, incidentally, we have often observed that 
atropin (1-2 mg. given intravenously) relaxes the denervated nic- 
SS EG A URSA eS 


7 Feldberg, W., and Minz, B., Arch. Exp. Pharm., 1931, 163, 66. 
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titating membrane. This observation is in contrast to Rosenblueth’s 
report,® which stated that atropin has no action per se on the nicti- 
tating membrane. An explanation for this divergence may be sug- 
gested by the fact that we observed this effect only in membranes 
which were not completely relaxed at the time, while Rosenblueth 
may have studied the drug on relaxed membranes only. 

The effects of a previous injection of eserin (0.4-0.8 mg., intra- 
venously ) on the adrenalin secretion caused by injections of CaCl. 
or KCl have not been constant. In some experiments we have found 
no increase in response of blood pressure or nictitating membrane, 
while in others the reactions of both were enhanced, either in height 
or in length, although the effects of injected adrenalin were not 
modified (Figs. 2 and 3). However, in some experiments eserin 
unexpectedly enhanced the effects of injected adrenalin as well.f 

The inconsistent findings in this part of our investigation, there- 


Adrenaiin 
i.v. 


KCl i} KC1 
i.a.coel, Eserin i.a8.coel, 
sulf.i.v. 
Fia. 2. 


Upper curves: blood pressure; lower curves: acutely denervated nictitating 
membrane. Cat, Dial anesthesia. Preparation as in text. Effects of jy adrena.- 
lin, intravenously, and 5 mg. KCl into coeliac artery before and after intravenous 
injection of 0.5 mg. eserin sulf. 


8 Rosenblueth, A., Am. J. Physiol., 1932, 100, 443. 

t After this work was completed J. Secker (J. Physiol., 1937, 89, 296) report- 
ed that the action of adrenalin (like the effects of nervous stimulation) on the 
nictitating membranes of cats can be enhanced by previous administration of 
eserin; we observed this effect only occasionally. 
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KCl KCl 
i.a.coel. i i.a.coel. 


Eserin 
sulf.i.v. 


Fie. 3. 
Cat. Preparation as in text. Effects on blood pressure of 1.25 mg. KCl 
injected into the central end of coeliac artery before and after intravenous 
injection of 0.4 mg. eserin sulfate. 


fore, do not yet allow us to conclude that CaCl, or KCI discharge ad- 
renalin by a cholinergic mechanism. Moreover, we do not believe that 
in studies of the autonomic nervous system, the effects of eserin and 
particularly those of atropin by themselves prove whether or not a 
mechanism is cholinergic. In our experiments, a cholinergic action 
of CaCl, or KCl on the adrenals can be definitely proved only by 
actual demonstration (by bioassay) of the liberation of acetylcholin 
in the glands following injection of the salts. 
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Neurotoxic Action of Aluminum Salts. 


Henry W. SCHERP AND CHARLES F. CHurcH. (Introduced by 
Cries Schmidt, ) 


From the Department of Pediatrics, School of Medicine, University of Pennsyl- 
vania, and Children’s Hospital of Philadelphia, 


In the course of experiments involving the fractionation of herpes 
virus preparations by aluminum salts it was observed that rabbits 
which had received an intracerebral injection of certain fractions 
developed a syndrome indicative of a lesion of the central nervous 
system. The possibility of herpes encephalitis was excluded by the 
dissimilarity in symptoms and in cellular pathology. Nevertheless, 
several features of this syndrome, which had a uniformly fatal ter- 
mination, were suggestive of a neurotropic virus disease, and a fur- 
ther investigation was made of its etiology. 
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It was found that the characteristic syndrome may be induced in 
rabbits, mice and monkeys by a single intracerebral injection of a 
small amount of an aluminum salt. Siem’ and Dollken* reported 
observing neurologic symptoms in rabbits, cats and dogs which had 
received subcutaneous injections of aluminum in the form of sodium 
aluminum tartrate or lactate. They found lesions in the central 
nervous system of these animals, particularly nerve cell degenera- 
tion in the lower cranial nerves. Seibert and Wells*® reported lesions 
in the central nervous system of one of a series of rabbits to which 
large amounts of aluminum or its salts had been administered. Scant 
attention has been paid to the neurotoxic action of aluminum salts 
and no instance of intracerebral administration of these salts has 
come to our attention. 

When the proper dose of aluminum salt is given intracerebrally, 
the animal recovers uneventfully from the injection. The subse- 
quent course is afebrile, except for rare elevations of temperature 
which appear to be irrelevant. After a lapse of 7 to 10 days in the 
rabbit, the first characteristic symptom appears. This consists in the 
disinclination of the animal to resume the normal posture when the 
hind quarters are twisted through 90 degrees about the longitudinal 
axis. Normal rabbits resist this procedure vigorously. A distinct 
diminution in muscle tone accompanies this ataxia, which becomes 
progressively more severe until the animal is prostrate. Convulsions 
generally occur in the terminal stage, often accompanied by opis- 
thotonus and spontaneous nystagmus. The animal becomes ema- 
ciated and dies 3 to 8 days after the onset of symptoms. The histo- 
pathology consists in widespread nerve cell changes of the type 
known as toxic degeneration, with slight inflammatory reaction. A 
total of 46 rabbits have received intracerebral injections of aluminum 
salts in this study. Of these, 5 died within 24 hours, all having 
received doses of one mg. or more of Al. Three animals remained 
free of symptoms, all having received 0.17 mg. or less, One rabbit 
showed symptoms and subsequently recovered All the remaining 
animals developed the typical syndrome and either died or were 
sacrificed. The minimal effective dose for the rabbit was 0.17 mg. 
Eight mice received intracerebral injections of aluminum lactate, the 
minimal effective dose being 0.016 mg. of Al. Three monkeys, 
Macaca mulatta (rhesus), received oii to 4.25 mg. of Al intra- 
cerebrally. All developed the syndrome in 21 to 24 days. 


1 Siem, Inaug. Diss., Dorpat, 1886. 
2 Doliken, Arch. Hap. Path. u. Pharm., 1897, 40, 98. 
3 Seibert, F. B., and Wells, H. G., Arch. of Path., 1929, 8, 230. 
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This syndrome has been produced by both the sulfate and the 
lactate of aluminum. The lactate has been used in most of the 
experiments because solutions of it may be buffered at pH 6.0 to 7.0 
(phenol red indicator) without precipitation of aluminum hydrox- 
ide. Intracerebral injection of doses of sodium lactate solution 
(pH 6.3) chemically equivalent to the amount of aluminum used 
had no effect upon the experimental animals. Moreover, these same 
animals succumbed typically to subsequent intracerebral injection of 
aluminum lactate. 

Cultures from the brains of typical cases on blood agar and in 
Difco brain-heart infusion broth remained sterile. The possibility 
was considered that the syndrome was caused by a latent virus in- 
fection which was activated in the presence of the aluminum. How- 
ever, negative results were obtained in attempts to transmit the dis- 
ease in series by intracerebral inoculation of suspensions of brain 
tissue, from rabbit to rabbit and from rabbit to monkey. 

Aluminum determinations have been made on the central nervous 
system of rabbits sacrificed in the terminal stage. A modification 
of the aurin method of Eveleth and Myers* was used. The results 
show that 25 to 37% of the injected aluminum is retained in the 
central nervous system. Of this amount 50 to 70% was in the 
cerebral hemispheres, 17 to 29% in the pons, medulla and cerebel- 
lum, and 13 to 23% in the cord. Normal controls contained an in- 
significant amount of aluminum in the central nervous system. 
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Blood Fats During the Dietary Production of Fatty Livers 
in Dogs. 


Eunice V. FLocK AND JESSE L. BOLLMAN. 


From the Division of Experimental Medicine, The Mayo Foundation, Rochester, 
Minnesota. 


Studies of blood fats were made to determine if any change might 
be associated with the production of fatty livers in dogs which re- 
ceived a high fat diet. The lipids studied were the neutral fats of 
the plasma; which were determined by the volumetric method of 
Allen ;* and cholesterol, by the Lieberman-Burchard method as used 
by Bloor.?, Four dogs were kept on the high fat diet for 35 to 40 

4 Eveleth, D. F., and Myers, V. C., J. Biol. Chem., 1936, 113, 449. 


1 Allen, N. N., Proc. Soc. Exp. Biot. AnD Mmp., 1934, 31, 991. 
2 Bloor, W. R., J. Biol. Chem., 1914, 19, 1. 
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days. They were given the equivalent of 102 calories for each kilo 
of body weight daily, as 4 gm. of a standard mixed diet and 10 gm. 
of lard for each kilo of body weight. Three developed fatty liver 
while the fourth, which had received lipocaic* in addition to the fat 
diet, had a liver of normal fat content. Fasting blood samples taken 
at intervals fluctuated in the concentration of neutral fat, but always 
within normal range, and bore no relationship to the amount of fat 
in the liver (Table I). 
TABLE I. 


Neutral Fats in Plasma* (mg. per 100 cc.) During Production of Fatty Livers 
by a High Fat Diet. 


Dog 
Days on (a aN 
diet 1 2 3 4t 
1 258 211 230 76 
7 118 106 218 114 
13 146 185 277 217 
20 161 130 304 210 
26 135 114 209 217 
28 264 244 342 394 
32 321 260 
Liver fat, % 28.0 25.7 18.7 4.4 


*Blood specimens taken 24 hours after feeding. 
t Received lipoeaic. 


One day each week specimens of blood were taken at intervals, 
usually of 3, 6, 9, 12, 15, and 24 hours, following the regular fat 
meal. In spite of the high percentage of fat in the diet, which is 
known greatly to increase the emptying time of the stomach, definite 
lipemia occurred in 3 hours, particularly during the first few weeks 
that this diet was used. Later, perhaps because of intolerance to the 
diet, there may be no increase in neutral fat during this interval, or 
there may be even a decrease. Although in some instances the 
amount of postprandial fat in the blood was similar to that de- 
scribed by Bloor, Pelkan and Allen,* with a maximum in 6 hours, 
followed by a prompt return to the fasting level, often there were 
sporadic increases and decreases throughout the 24 hours. These 
are no doubt attributable to the irregular and prolonged absorption 
of fat which may occur with long-continued use of such a diet. A 
few of the typical curves are represented in Table II. Choles- 
terol in the plasma fluctuated within the normal range during these 


periods of 24 hours but apparently independently of either the blood 
fat or liver fat. 


3 Dragstedt, Am. J. Physiol., 1936, 117, 171. 
4 Bloor, W. R., Pelkan, K. F., and Allen, D. M., J. Biol. Chem., 1922, 52, 191. 
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TABLE II. 
Neutral Fats in Plasma (mg. per 100 ce.) During Production of Fatty Livers. 
Days on Hours following fat meal 

diet 0 3 6 9 12 15 24 
Dog 1—28% liver fat. 

il 258 397 446 360 276 237 

13 146 261 263 124 315 104 

26 135 380 313 347 254 202 
Dog 2—25.7% liver fat. 

1 211 330 347 300 240 219 

13 185 248 187 124 252 144 

26 114 260 170 228 262 135 
Dog 4—4.4% liver fat.* 

1 76 100 Oe 144 126 113 114 

13 217 224 276 212 263 172 

26 217 362 328 428 338 276 


*Animal also received lipocaie. 


Four dogs were given alcohol in addition to the fat diet since 
fatty livers can thus be produced more rapidly.” Fat curves of these 
dogs again showed values well within the normal range (Table III). 


TABLE III. 
Neutral Fats in Plasma (mg. per 100 ce.) of Dogs on a High Fat Diet Plus 
Aleohol. 
Time after feeding, hours 
Days on a Liver fat, 
Dog diet 0 3 8 24 % 

5 14 344 263 291 272 20.7 

6 8 300 203 308 202 ~alaeal 

(te 8 268 260 249 260 9.2 

8* 14 327 392 417 257 6.5 


*Received lipocaic. 


Conclusions. The neutral fats of plasma are not elevated beyond 
the normal range during the production of fatty livers by a high fat 
diet or a fat diet plus alcohol. Fluctuations which do occur during 
the 24 hours following a meal are probably associated with varying 
rates of absorption. 


5 Bollman, J. L., and Mann, F. C., Arch. Path., 1935, 20, 156. 
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Histological Study of Thyroid Gland of Hypophysectomized Rats 
Exposed to Cold.* 


Opa Wotr anp Roy Greer. (Introduced by F. L. Hisaw. ) 


From Goucher College and Harvard Biological Laboratories. 


Smith’ reported atrophy of the thyroid glands of frog tadpoles 
and rats” following the removal of the anterior lobe of the pituitary. 
Early death of the hypophysectomized animals was attributed chiefly 
to their inability to maintain normal body temperature because 
death did not occur when they were kept in specially heated cages. 
Smith concluded, ‘Thyroids of hypophysectomized tadpoles are 
undoubtedly entirely non-functional because they do not metamor- 
phose. It seems probable that in hypophysectomized rats these 
glands are likewise not functional.” 

Various investigators have reported, however, that differences 
of temperature affect the activity of the thyroid gland. In recent 
extensive experiments Kuschinsky® found that the histological pic- 
ture of the thyroid of rats at 38°-40°C. was that of an inactive 
gland and exposure to 4°C. resulted in great activity. Moreover, 
the thyrotropic factor in the pituitary glands of these rats decreased 
in the warm room and increased up to 25 to 30 days’ exposure to 
the cold. 

The changes brought about in the thyroid glands of animals sub- 
jected to cold might be explained by a nervous stimulation of the 
anterior lobe of the pituitary resulting in an increased output of 
the thyrotropic hormone and in addition the activity might be in- 
creased by a nervous stimulation of the thyroid. 

Evidence for a nervous stimulation of the thyroid has been con- 
tradictory. Recently Bachromejew and Ter-Ossipowa‘ stimulated 
the peripheral endings of the superior laryngeal nerve of the cat and 
found activity in the thyroid gland as evidenced by cytological 
changes. In carefully controlled metabolism studies Haney® found 
that stimulation of the cervical sympathetic of rabbits resulted in 


* This experiment was conducted at the Zoological Laboratory of the Uni- 
versity of Wisconsin. We wish to thank Dr. Michael F. Guyer and Dr. Frederick 
L. Hisaw for extending to us the facilities of the laboratories. 

1 Smith, P. E., Anat. Rec., 1916, 11, 57. 

2Smith, P. E., Am. J. Anat., 1930, 45, 205. 

3 Kuschinsky, G., Arch. f. Eap. Path. u. Pharmakol., 1935, 179, 726. 

4 Bachromejew, I. R., and Ter-Ossipowa, N. A., Endokrinologie, 1935, 15, 404. 

5 Haney, H. F., Am. J. Physiol., 1932, 102, 249. 
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an energy metabolism 22% above the normal at 5 days and con- 
cluded that the stimulation produced a secretory effect upon the thy- 
roid gland. Nonidez,® however, found no secretory nerve endings in 
the thyroid of the dog but many terminations in walls of the blood 
vessels. He suggested that the blood flow through the gland is under 
the control of the nervous system and thus indirectly may influence 
the secretory phenomena and removal of the hormone produced by 
the gland. 

The present investigation was undertaken to study the histologi- 
cal picture of the thyroid glands of young albino male rats which 
were hypophysectomized and subsequently placed in a cold room at 
aaa C: 

Seven young male rats 22 days of age were placed in a lighted 
cold room at a temperature of 2° to 4.5°C. for a week, hypophysec- 
tomized, kept in a warm room for 2 days and returned again to the 
cold room. Thirty-one males of the same age which had been kept 
in the warm animal room were hypophysectomized and on the third 
day 13 were placed in the cold room and 18 were left in the warm 
room. Each cage contained one or 2 normal animals. These ex- 
periments were carried on during the summer months so that the 
temperature varied in the animal room, reaching 29°C. during the 
middle of the day. Some of the controls were kept at room tem- 
perature in a small room which was lighted continuously. However, 
the animals in these lighted rooms, both cold and warm, were given 
ample cotton waste so that they could avoid the light. Immediately 
after hypophysectomy the animals were given access to glucose and 
water for several hours and then given the regular food consisting 
of ground grain mixed with a high percentage of brewer’s yeast. In 
addition, a dish of glucose was kept in the cages. A large amount 
of brewer’s yeast was given to stimulate the appetite of the animals 
and glucose was placed in the cage so that there would be a carbo- 
hydrate available which could be quickly assimilated. 

At the conclusion of the experiment the thyroid and adrenal glands 
were fixed in Bouin’s, dehydrated by the dioxan method," stained in 
Delafield’s hematoxylin and eosin and cut in serial sections at 7 micra. 
The sella of each animal was examined under a binocular for evi- 
dence of incomplete hypophysectomy and serial sections were made 
of those which survived the longest. 

Two of the hypophysectomized rats (checked by serial sections 


6 Nonidez, Jose F., Am. J. Anat., 1935, 57, 135. 
7 Guyer, M. F., Animal Micrology, Univ. of Chicago Press, Chicago, Ill., fourth 


edition. 
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through the sellae) were killed after surviving 34 days in the cold 
room. With the exception of 3 animals killed on the 10th day, 10 
animals died after 2-10 days’ exposure. Five survived 12 to 16 
days and 2 were killed on the 34th day of exposure. The animals 
which survived longest in the cold had been subjected to the cold 
one week before hypophysectomy. 

Those animals which survived the longest were able to keep the 
body temperature at levels slightly below normal rats in the cold for 
16 days, followed, however, by a gradual fall until just before death, 
when a drop of 1.6°-2.8° occurred. 

The rectal temperatures of the animals were as follows: 


Normal animals at room temperature BEERS OCs 
fi fe in cold (at 2° to 4.5°C.) 36.4 °-37.2 °C. 
Hypophysectomized animals 16 days in cold 35e-3 Oblo aCe 
wy a at room temperature SoLomcOOMlones 
x Z3 20 days in cold 34.65°-35.35°C. 
os ge 29 22 he 384 =°-35.45°C. 
ie 42 By eae eae ee ue 32.65°-33.35°C, 

a 7?  33—«”’_~«oat room temperature 36.55° 


The 2 animals which survived 34 days in the cold (age 64 days 
and weighing 64 and 59 gm.) felt cold to the touch, showed asthenia 
and had not eaten for some time. 

The thyroid glands of the normal controls in the cold showed a 
high columnar epithelium, loss of colloid in the small vesicles and in 
the larger vesicles many absorption vacuoles were present in the 
periphery of the colloid. Normal control animals in the warm room 
did not have as high an epithelium or as many absorption vacuoles 
as the animals in the cold. 

Hypophysectomized rats in the warm room had atrophic glands 
with very low cuboidal to squamous epithelium. However, in the 
peripheral vesicles a few showed a high cuboidal epithelium and ab- 
sorption vacuoles. The Gypepiveccamized animals in the cold 
room (killed on the 34th day) had glands which were atrophic in the 
center with small vesicles showing a low epithelium and no absorp- 
tion vacuoles but the peripheral wee had high cuboidal to col- 
umnar epithelium. A considerable loss of enllond was seen in some 
vesicles and in others many absorption vacuoles were present in the 
periphery of the colloid. The adrenals of these animals also showed 
some atrophy. The cytoplasm of the cells of the zona fasciculata in 
places had very large vacuoles and there was a wide area with 
pycnotic nuclei in the zona reticularis. 

It is of interest to note that surviving hypophysectomized rats 
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were able to maintain body temperature for 16 days in the cold at 
approximately the same level as similar rats in a warm room. Nor- 
mal rats are imperfectly homoiothermic. In the cold room rectal 
temperature dropped to the level of the rats hypophysectomized and 
placed either in the cold or heat for 16 days. That cold stimulates 
the metabolism of rats in the absence of the thyroid gland has been 
shown by Ring’s® studies. However, Grollman and Firor® found 
that in a warm room the fall in body temperature of white rats with 
chronic adrenal insufficiency was due to the failure of the anterior 
lobe of the pituitary to secrete sufficient thyrotropic hormone. By 
injections of either a thyrotropic hormone, or the feeding of thy- 
roxin they maintained body temperature at approximately normal 
levels. However, it has been shown by Hartman, et al.,"° and Can- 
non, et al.,* that epinephrine is secreted when animals are subjected 
to cold and the lack of this hormone may De one of the contributing 
factors in causing the early death of recently adrenalectomized ani- 
mals which were exposed to the cold.t 

In the present experiment the ability of surviving hypophysec- 
tomized animals in the cold to maintain body temperature for 16 
days at nearly the level of the normal rats at the same temperature 
indicates a secretion of hormone from the thyroid gland. However, 
the histological picture of the thyroid gland of the animals 34 days 
in the cold did not present a picture comparable to that of normal 
animals at the same temperature. The removal of the anterior lobe 
of the pituitary had resulted in an atrophy in the central region of 
the gland. That some hormone was still being released was probable 
because some peripheral follicles showed considerable loss of cok 
loid, others showed the typical high epithelium with absorption 
pseudopods or absorption vacuoles in the periphery of the colloid as 
described by Sevringhaus.*” This picture is not characteristic of the 
thyroid gland of hypophysectomized animals. It is evident, how- 


8 Ring, G. C., Abst. Am. J. Physiol., 1936, 116, 129. 

9 Grollman, A., and Firor, W. M., 4m. J. Physiol., 1935, 112, 310. 

10 Hartman, F. A., McCordock, H. A., and Loder, M. M., Am. J. Physiol., 1923, 
64, 1. 

11 Cannon, W. B., and Querido, A., Proc. Nat. Acad. Sciences, 1924, 10, 245. 

+ During this experiment 2 adult male rats doubly adrenalectomized 1% days 
(19 days having elapsed between the removal of the right and left gland, one ani- 
mal having gained 20, the other 15 gm. by the day of the second (left) adrenalec- 
tomy) were placed in the cold room. At the end of 7 hours one animal was dead 
and the temperature of the other dropped from 36.5° to 26.25°C. This animal 
was returned to room temperature and at the end of 12 hours had a temperature 
of 25.5°C. and died 8 hours later. Unpublished data of Robert Kroc. 

12 Sevringhaus, A. E., Z. f. Zellforsch. u. Mik, Anat., 1933, 19, 653. 
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ever, from this experiment that cold in the absence of the anterior 
lobe of the pituitary is not an adequate stimulus to release sufficient 
hormone from the thyroid gland to maintain a temperature char- 
acteristic of a normal rat in the cold. 

The fall in temperature, asthenia and failure to grow indicates un- 
doubtedly a multi-glandular disfunction due to hypophyseal insuf- 
ficency. 

Summary. 1. Normal young albino rats had a temperature of 
36.4°-37.2°C. in the cold, in a warm room 37.7°-38.3°C. 2. Sur- 
viving hypophysectomized rats maintained their body temperature 
for 16 days in a cold room (2°-45°C.) at 35°36: 15° Ge irom 
the 20th to 34th days the temperature fell approximately 1.3°- 
2.7°C. 3. The thyroid glands of normal animals in the cold showed 
activity as previously described by other investigators. Those in 
the warm room had a lower epithelium and fewer absorption vacu- 
oles. 4. The glands of hypophysectomized rats 38 days in the heat 
showed atrophy. Similar animals placed in the cold room 34 days 
showed signs of atrophy in the central part of the gland but ab- 
sorption of colloid was indicated in the peripheral vesicles by the 
high epithelium, loss of colloid in the smaller vesicles, and many 
absorption vacuoles in the peripheral colloid of the larger vesicles. 
5. The drop in:body temperature of the hypophysectomized rats after 
16 days in the cold as well as the histological picture of the thyroid 
gland indicates that cold in the absence of the anterior lobe of the 
pituitary is not an adequate stimulus to maintain either body tem- 
perature or a histological picture of the thyroid gland comparable to 
that of a normal rat. 
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Effect of Calcium on the Digitalized Heart.* 


L. H. NAnum anv H. E. Horr. (Introduced by J. F. Fulton. ) 


From the Laboratory of Physiology, Yale University School of Medicine, New 
Haven. 


The action of calcium upon the mammalian heart has certain 
similarities to that of digitalis. Slowing of the heart rate, A-V 
block of varying degree, and ectopic beats have been observed fol- 


eee 
* This work was aided by a grant from the Research Funds of the Yale Uni- 
versity School of Medicine. 
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lowing administration of either of these substances in adequate 
amounts, and have given rise to a generally accepted opinion that 
they both operate, at least in part, through a common mechanism. 
This has prompted attempts to detect additive or synergistic activ- 
ities when both were given simultaneously. The studies of Billig- 
heimer* and of Lieberman’ support such a conclusion, and Bower 
and Mengle* explain the sudden death of patients given calcium 
chloride intravenously while under the influence of digitalis, on the 
basis of such additive effects. 

The experiments upon which these conclusions have been based, 
however, involve doses of digitalis considerably greater than are 
usually employed in man, and in some experiments such large 
quantities were used that it may be questioned whether the entire 
phenomenon was not in fact due to the administration of lethal 
doses of digitalis. The death of patients reported by Bower and 
Mengle can further not be correctly assigned to an additive action 
of digitalis and calcium as long as the influence of calcium upon the 
damaged heart requiring digitalis is unknown. It seemed desirable, 
therefore, to determine the effect of carefully standardized doses 
of calcium chloride upon the heart of normal, unanesthetized ani- 
mals, that had received digitalis in therapeutic and sub-lethal 
amounts. 

Twenty-five unanesthetized rabbits weighing from 1.4 to 2.1 kg. 
were employed. In 12 the amount of calcium required to arrest the 
heart was first determined in the normal animal, and again several 
days later after they had received from % to 34 of the calculated 
lethal dose of digitalis. Two of the remaining 13 animals served 
as controls of the effect of the calcium alone for 11 rabbits from 
the same group which were digitalized previous to calcium adminis- 
tration. 

Digitalis was given in the form of digifoline, which contained one 
cat unit in 2.0 cc. Eighteen rabbits were given 14 to 34 cat units 
per kg. subcutaneously 18 hours before calcium was administered. 
Five other rabbits received one-half cat unit per kg. in a similar 
manner, and were given an additional intravenous injection of %4 
cat unit per kg. one-half hour before the calcium was given. 

A 10% solution of calcium chloride was injected intravenously 
at a rate of 2.0 cc. per mintite. 

Electrocardiograms were taken from Lead II after injection of 


1 Billigheimer, E., Klin. Wehnschr., 1929, 8, 724. 
2 Lieberman, A. L., J. Pharm. and Exp. Therap., 1933, 47, 183. 
3 Bower, J. O., and Mengle, H. A. R., J. Am. Med. Assn., 1936, 106, 1151. 
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each successive cubic centimeter of calcium chloride, and at brief 
intervals after cessation of injections. 

The effect of calcium upon the 14 normal unanesthetized rabbits 
were in every respect identical with those previously reported from 
these laboratories.* In brief, they consisted of (1) typical changes 
in the ventricular complex of the electrocardiogram; (2) slowing 
in rate of the heart and delay in A-V conduction, becoming more 
pronounced with increasing quantities of calcium, (3) auricular 
fibrillation and ectopic ventricular beats, and finally, with continued 
injection of calcium, cardiac arrest. The quantities of calcium re- 
quired to arrest the heart varied from 1 to 5 cc., and did not seem 
to depend upon variations in size of the animal, within the limits 
shown in Table I. 


TABLE I. 


Amount of 10% calcium 
chloride in ce. required 


to arrest heart Cat units of 
Exp Wt., — ——, digifoline Cat units 
No. kg A. Normal  B. Digitalized given per kg. 
82 1.8 3.0 3.0 1.0 1/24 
83 2.1 3.0 3.0 1.0 1/2— 
84 1.5 3.0 3.0 1.0 2/3 
85 1.4 2.0 2.0 0.75 1/2 
86 1.8 3.0 3.0 1.0 1/2+ 
87 1.8 4.0 3.0 1.0 1/2+ 
88 1.6 4.0 4.0 1.2 3/4 
89 1.2 1.0 2.0 0.9 3/4 
90 1.5 4.0) 4.0 1.15 3/4 
91 1.6 5.0 4.0 1.2 3/4 
92 1.8 2.0 3.0 1.35 3/4 
93 ise 1.5 3.0 1.3 3/4 


The effects of injections of calcium upon digitalized hearts were 
not to be distinguished from those occurring in the normal heart. 
Similar arrhythmias were produced by the same amounts of cal- 
cium in both normal and digitalized hearts, and it required the same 
total quantity of calcium to arrest the digitalized heart as the normal 
heart. The total duration of the calcium effect varied in both from 
3 to 10 minutes (Fig. 1 Table I.) 

Three of the 5 animals which received an additional intravenous 
injection of digitalis a half hour before the calcium died about 4 
hours later. 

These experiments indicate that in unanesthetized rabbits, the 
amount of calcium required to arrest the thoroughly digitalized 
heart is no less than that necessary in a non-digitalized heart. 
Further, the arrhythmias produced by calcium in the digitalized 


S$ EEE EE eee 
4 Hoff, H. E., and Nahum, L. H., J. Pharm. and Exp. Therap., 1937, in press. 
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Fie. 1. Fig. 2. 
Fig. 1. 

Rabbit 82, Before digitalization. 3 cc. 10% CaCly intravenously. 2 ce. per 
min. Lead II. A Control. B. After injection of 2 ce CaClyo. C. Immediately 
after injection of 3 cc. D and E. Records at 30-second intervals, showing recovery. 

Fie. 2. 

Rabbit 82, 7 days after Fig. 1. Given % cat units digifoline per kg. subcu- 
taneously 18 hours previously. A. Control. B. After 2 cc. CaClh C. After 3 ec. 
CaClo, showing ventricular arrest with auricular flutter. D and E. Records at 
30-second intervals showing recovery. 


heart are the same as are produced in the normal heart by the same 
amount of calcium. Finally the digitalized heart does not exhibit 
any evidence of an increased tendency to develop ventricular 
rhythms. 

The amounts of digitalis administered in these experiments were 
greater than the usual doses employed in clinical medicine, and 3 
animals receiving the greatest amounts died several hours later. 
Failure to obtain so-called additive effects in these animals cannot, 
therefore, be attributed to inadequate amounts of digitalis. Simi- 
larly calcium was administered in amounts which actually produced 
arrest in control experiments on the same animals several days be- 
fore they were digitalized, so that obviously adequate quantities of 


calcium were given. 
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The absence of additive phenomena in these experiments does not 
permit the assumption that these substances may be administered 
with impunity. The toxic effects of digitalis are well known, and 
those of calcium are also being recognized. In digitalis administration 
the presence of a damaged heart in which sudden circulatory accl- 
dents may occur, is usually a complicating factor. Likewise, calcium 
alone produces a wide range of cardiac arrhythmias, some of which 
might well prove fatal in the presence of preéxisting cardiac damage. 
It has been observed that atropinized hearts occasionally develop ven- 
tricular fibrillation with calcium, and it is possible that hearts which 
because of disease show a tendency to ectopic ventricular rhythms 
might be set into ventricular fibrillation by amounts of calcium 
which produce only transient disturbances in a normal heart. This 
may be the mechanism of sudden death reported by Wolffe and 
Bellet which occurred during administration of calcium to a pa- 
tient suffering from paroxysmal tachycardia.’ 

Conclusion. In the normal unanesthetized rabbit heart the effects 
of calcium and digitalis are not additive. 
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Total Coproporphyrin I Excretion in Pernicious Anemia. 


Konrap Dosriner AND W. Hatsey Barker. (Introduced by 
C. P. Rhoads. ) 


From the Hospital of the Rockefeller Institute for Medical Research. 


The mechanism of the disturbed metabolism of the respiratory 
pigments in pernicious anemia has been a matter of controversy.’* 
Theoretically, qualitative and quantitative disturbance may occur at 
any stage in the construction and destruction of the hemoglobin 
molecule, but it is not clear whether the increased bile-pigment pro- 
duction and excretion is consequent to a quantitatively increased de- 
struction of hemoglobin similar to that of hemolytic jaundice, or 
whether it is due to a partial or total pathologic metabolism of the 
precursors of hemoglobin. 


5 Wolffe, J. B., and Bellet, S., Ann. Int. Med., 1930-31, 4, 794. 
1 Addis, T., Arch. Int. Med., 1915, 15, 413. 

2 Eppinger, H., Die hepatolienalen Erkrankungen, Berlin, 1920. 
3 Whipple, G. H., Arch. Int. Med., 1922, 29, 711. 

4 Rous, P., Phys. Rev., 1923, 3, 75. 
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Porphyrin and urobilin excretion in a case of pernicious anemia 
have been investigated quantitatively. It has been reported that an 
increased coproporphyrin I excretion in both the urine and feces is 
present during relapse, and that lower values are present during 
remissions.” * * However, because of the lack of adequate methods 
the reported data are inconclusive. Watson* reported adequate data 
on feces, but omitted determinations of the porphyrin in the urine. 

Case History. A 61-year-old white male entered with anemia of 
4 years’ duration. Inadequate treatment with liver extract had been 
employed and the disease had progressed. Physical examination 
showed a subicteric tint of the skin, emaciation, and some atrophy 
of the papillae of the tongue. Examination of the blood on admis- 
sion showed 900,000 R.B.C., hemoglobin 23%, mean corpuscular 
volume 1.13, color index 1.21, icterus index, 7, and W.B.C. 3,250. 
The blood smear and the histologic picture of the bone marrow were 
characteristic of pernicious anemia. Gastric analysis failed to re- 
veal free hydrochloric acid, even after histamine. Details of treat- 
ment, and hematologic response are briefly summarized in Chart I. 
The patient received an injection of 5.0 cc. of liver extract (Lederle 
& Co. concentrate) and 10.0 cc. of liver extract (Eli Lilly & Co.) 
intramuscularly on the 16th and 17th days of observation respect- 
ively. 

The methods used for porphyrin separation and quantitative 
measurement were similar to those previously described.” ** The 
urobilin was determined as urobilinogen by the Watson modification 
of the Terwen method.’® The coproporphyrin excreted was identi- 
fied as coproporphyrin I by melting-point determination. 

Quantitative coproporphyrin and urobilin determinations were 
made during the periods of relapse, treatment, and remission (Text 
Fig. 1). The total coproporphyrin output during the 15-day control 
period in relapse averaged 632 gamma per diem and the urobilinogen 
averaged 442 mg. Shortly after therapy was instituted the reticulo- 
cytes rose rapidly to 60% ; during this period there was little change 
in the total coproporphyrin and urobilinogen output (611 micro- 
grams coproporphyrin and 533 mg. urobilinogen daily average). 
The amount of coproporphyrin in the urine decreased from 158 to 
100 micrograms. After the reticulocyte response was completed and 
7 days after the onset of therapy the total amount of coproporphyrin 

5 Duesberg, R., Arch. exp. Path. u. Pharm., 1931, 162, 268. 

6 Watson, C. J., J. Clin. Inv., 1935, 14, 116. 

7 Brugsch, J., Th. Z. ges. eap. Med., 1935, 95, 490. 


8 Watson, C. J., J. Clin. Inv., 1937, 17, 389. 
10 Watson, C. J., Arch. Int. Med., 1931, 47, 698. 
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excreted decreased rapidly to 261 and 172 micrograms daily average 
and for the urobilinogen to 40 mg. and 93 mg. respectively in the 
next two 12-day periods. Increased protoporphyrin was excreted 
in the feces. 

Previously published work has demonstrated the close relationship 
between coproporphyrin I excretion and construction of the respira- 
tory pigment, and has shown evidence of a proportional as well as a 
disproportional construction of Type I and Type III porphyrins in 
various pathological conditions.» ‘17% Whereas a definite dis- 


9 Dobriner, K., J. Biol. Chem., 1936, 118, 1, and in press. 
11 Dobriner K., Localio, 8. A., Strain, W. H., J. Biol. Chem., 1936, 114, XX VI. 
12 Dobriner, K., Strain, W. H., Localio, S. A., Proc. Soc. Exp. Bron. AND Mep., 
1937, 36, 752, 755. 
18 Dobriner, K., Proc. Soc. Exp. BioL, AND Mzp., 1937, 36, 757. 
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turbance of pigment construction in pernicious anemia is indicated 
by this study, it is not possible to state whether the observed in- 
creased coproporphyrin I excretion is a simple increase of a normal 
process or is an abnormal or disproportional type of construction 
such as is present in porphyria.** 

The levels of coproporphyrin I and urobilin excretions in per- 
nicious anemia are similar to those reported for hemolytic jaundice.” 
Moreover, the changes in the rate of output after specific therapy in 
the two conditions are alike. These facts suggest that the increased 
coproporphyrin I excretion in pernicious anemia during relapse re- 
flects a normally increased production proportional to an increased 
Type III porphyrin formation rather than a pathological production 
resulting in a disturbed ratio between the formation of Type I and 
Type III compounds. 
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Intravenous Injection of Aminoacids in Regeneration of Serum 
Protein Following Severe Experimental Hemorrhage. 


Rogpert ELmMan. (Introduced by E. A. Graham.) 


From Department of Surgery, Washington Unwersity School of Medicine, and 
Barnes Hospital, St. Louis. 


Nine pairs of experiments were performed, dogs of the same size, 
sex and condition being used as far as possible for each experiment. 
Under local anesthesia 3.5% of the body weight was bled from the 
femoral artery and immediately the same volume of Ringer’s solu- 
tion replaced into the femoral vein. One half hour later the first 
specimen of blood was taken from the jugular vein. Each dog was 
then given intravenously over the course of 3 hours a volume of fluid 
equal to 3.5% of the body weight. To one, 10% glucose in Ringer’s 
was given; to the other 5% glucose plus 5% aminoacid mixture in 
Ringer’s. Six hours after the beginning of the injection a second 
sample of jugular blood was taken; a third specimen was obtained 
24 hours later when the experiment was finished. Additional sam- 
ples of blood were taken in all animals to determine the level of its 
aminoacid content. No symptoms were produced by the injections 
and the dogs remained in good condition throughout the period of 
observation. Though allowed water, all food was withheld, not only 
during the experiments but for a period of 48 to 72 hours previous- 
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ly. The slow rate of injection of the aminoacids raised the amino- 
acid nitrogen of the blood to not over 11 mg./100 cc. ; one half hour 
after the end of the injection it returned to the normal level, about 
6mg. Only about 10% of the injected aminoacids appeared in the 
urine. The Folin colorimetric method was used for determining 
aminoacid nitrogen. 

The blood samples were measured for cell volume and total pro- 
tein. Hematocrits were done by centrifuging whole blood rendered 
incoagulable with prontamine fast pink Bl—one mg. per cc.; a sec- 
ond sample was centrifuged after adding 5 cc. to one cc. of 1.6% 
sodium oxalate. The values obtained checked usually within 1%, 
never greater than 3%. Serum protein was determined by the 
macro-K jeldahl-titration method and was done in duplicate, checks 
within 2% being obtained. The value for non-protein nitrogen was 
always the same, but was first subtracted from the total nitrogen 
before calculating the protein value. 

The mixture of aminoacids used was obtained through the cour- 
tesy of Mead Johnson and Company and with the continued cooper- 
ation of Drs. Cox and Kemmerer of their staff. It was prepared by 
hydrolyzing purified casein; tryptophane was added, 2% by weight, 
and the mixture dissolved in Ringer’s solution and filtered before 
use. It formed a clear, light amber solution of a pH of 5.8, was not 
anaphylactogenic for guinea pigs and showed no precipitate when 
treated with the tungstic acid reagent. 


CHART I. 
Actual Serum Protein Changes* (gm. per 100 ec. serum or plasma). 
Glucose Injections Aminoacid Injections 

ii. tos Le Jee Cae SE a at a = AL 
Exp. Start 6 hr. 24 hr. Start 6 hr. 24 hr. 
il 5.40 —.40 —.10 4.0 +.60 XX 
2 5.30 —.10 +.10 4.50 +1.00 +.30 
3 4.90 +.20 —.10 4.90 +.50 +.90 
4 5.20 —-.30 +.30 5.40 +.10 +.30 
5 4.19 —.20 +.06 4.40 +.26 +.57 
6 4.86 —.20 +.34 4.46 +.31 +.61 
7 4.59 +.35 +.31 4.37 +.26 +1.40 
8 4.68 +.30 +.35 4.72 +.22 +.79 
9 4,24 —.44 +.13 5.11 +.18 +.31 
Av. —.09 +.15 +.38 +.64 
% =e +3 +9 +14 


*Changes are indicated by + or — and are obtained at both 6 and 24 hrs. by 
subtraction from the original (‘‘start’’) value. 

The findings are recorded in Chart I. It will be seen that whereas 
the animals treated with glucose alone showed no regeneration after 
6 hours and little even after 24 hours, the dogs treated with amino- 
acids and glucose exhibited a definite rise in 6 hours and a marked 
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one in 24 hours. Lest this increased value be due to a concentration 
of the blood it was necessary to consider any changes in the total 
volume of circulating plasma. Direct measurements of the plasma 
volume with the vital red technic did not give accurate results, owing 
to difficulty in colorimetric readings although no essential differences 
between the glucose and aminoacid animals were observed. To get 
an approximate figure for the total plasma proteins the hematocrit 
was used, assuming that the total cell volume did not change during 
the period of observation or at least that similar changes occurred 
in the glucose and the aminoacid animals. That no essential change 
occurred in the size or pigment content of the red cells was indi- 
cated by a close correlation between the erythrocyte count, hemo- 
globin value (Sahli) and hematocrit, all of which showed a similar 
drop indicating an increase in the relative plasma volume, i. e., dilu- 
tion of the whole blood. The results obtained by calculating the 
relative total plasma protein changes are indicated in Chart II; it 


CHART II. 
Relative Total Plasma Protein Changes* (% of initial value). 
Glucose Injections Aminoacid Injections 
‘Ge Toe ee}. FT Oa 
Exp. 6 hr. 24 hr. 6 hr. 24 hr. 
1 —6 +8 +48 cROK 
2 +18 +25 +47 +42 
3 +27 +31 +66 +78 
a +18 +21 +48 +39 
5 +30 +40 +70 +87 
6 +28 +45 +57 +54 
7 +31 +33 +22 +51 
8 +25 +30 +30 +61 
9 + 9 +32 +24 +40 
Ay. +20 +29 +46 +57 


*Changes are calculated at both 6 and 24 hours from the original (‘‘start’’) 
value which is taken as 100%. 
will be seen that here too the increase of plasma protein is far greater 
in the aminoacid dogs than in those receiving glucose alone. The 
method of calculation was as follows: for the initial value, the 
plasma volume (hematocrit reading) was multiplied by the serum 
protein; this was taken as the amount of protein per 100 cc. of blood 
at the start. Subsequent plasma volumes per 100 cc. of this original 
blood were obtained by multiplying the actual plasma volume ob- 
served in the hematocrit by a factor which corrected for the observed 
change in relative cell volume (hematocrit reading). Thus, if the 
relative cell volume changed from 35 to 30, the plasma volume (per 
100 cc. of the original blood “at the start”) changed from 65 to 
70 X 35/30. The plasma volume thus obtained was multiplied by 
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its serum protein concentration and the change expressed as a per- 
centage of the initial value (Chart II). 

Summary. Healthy starving dogs subjected to a single severe 
hemorrhage revealed a much more striking regeneration of serum 
protein in 6 and 24 hours when treated by intravenous injection of a 
complete mixture of aminoacids and glucose than of glucose alone. 
The findings suggest that the aminoacids introduced in this way are 
utilized in the regeneration of serum protein. Clinical observations 
in patients unable to take protein by mouth have given similar 
results ; nitrogen balance observations on them as well as on animals 
are now being carried out. 

The author is indebted to Dr. H. L. White for many helpful sug- 
gestions during the course of this study. 
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Editorial Committee (appointed by Council): D. W. Bronk, G. W. Corner, 
C. H. Danforth, A. B. Hastings, S. B. Hooker, A. C. Ivy, H. B. Lewis, 


A. B. Luckhardt, W. S. MeCann, W. DeB. MacNider, A. M. Pappen- 
heimer, O. H. Plant, T. M. Rivers, H. B. Williams, A. J. Goldforb. 


Membership Committee (appointed by Council): J. Auer, C. F. Craig, J. A. 
Dye, H. Goldblatt, I. Greenwald, P. J. Hanzlik, A. C. Ivy, W. P. Larson, 


E. D. Plass. 
Finance Committee: W. J. Gies, W. H. Park, A. J. Goldforb. 


Past OFFICERS 


Date President Vice-President Secretary Treasurer 
1903-04 S. J. Meltzer W. H. Park W. J. Gies G. N. Calkins 
1904-05 S. J. Meltzer J. Ewing ue u a3 2? 
1905-06 E. B. Wilson E. K. Dunham fs He dy Ny 
1906-07 S. Flexner E. K. Dunham Hi iy a3 De 
1907-08 S. Flexner T. H. Morgan a M4 BD a4 
1908-09 EF. S. Lee T. H. Morgan ia a G. Lusk 
1909-10 Beas. Wee W. J. Gies E. L. Opie a 2 
1910-11 T. H. Morgan W. J. Gies a oo ze u 
1911-12 T. H. Morgan P. A. Levene G. B. Wallace v x 
1912-13 J. Ewing P. A. Levene Y 4 C. Norris 
1913-14 J. Ewing C. W. Field H. C. Jackson a2 2 t 
1914-15 G. Lusk W. J. Gies Ms 2 J. R. Murlin 
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Date 
1915-16 
1916-17 
1917-18 
1918-19 
1919-20 
1920-21 
1921-22 
1922-23 
1923-24 
1924-25 
1925-26 
1926-27 
1927-28 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 
1934-35 
1935-36 
1936-37 


Chairman 
Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


SECRETARY'S REPORT 


President Vice-President Secretary-Treasurer 
G. Lusk G. N. Calkins H. C. Jackson 
ji Loeb W. J. Gies we a 
W. J. Gies J. Auer a a 
W. J. Gies J. Auer He eS 
G. N. Calkins G. B. Wallace 2 ay 
G. N. Calkins G. B. Wallace 2 22 
G. B. Wallace J. W. Jobling 2 U 
G. B. Wallace J. W. Jobling 2 2» 

H. C. Jackson J. W. Jobling V. C. Myers 
H. C. Jackson J. W. Jobling A. J. Goldforb 
J. W. Jobling S. R. Benedict 2 “3 

J. W. Jobling S. R. Benedict 2: 4 

S. R. Benedict P. Rous ie th 

S. R. Benedict P. Rous Hl % 

P. Rous D. Marine Z zi 

P. Rous D. J. Edwards # 2 
D. J. Edwards A. R. Dochez HM He 

A. R. Dochez E. L. Opie ih a 

A. R. Dochez E. L. Opie i 5 

E. L. Opie Paes smith z ? 

E. L. Opie P. E Smith 3 2 

P. E. Smith E. F DuBois 4 


SECTIONAL MEETINGS AND MEMBERSHIP 


Cleveland, Ohio 
: A. R. Moritz. Secretary: E. Muntwyler. Members: 41. 
Western Reserve University, November 13, 1936. 
Western Reserve University, March 12, 1937. 
Western Reserve University, May 14, 1937. 


District of Columbia 
T. Koppanyi. Secretary: M. E. Maver. Members: 28. 
George Washington University, January 28, 1937. 
George Washington University, May 27, 1937. 


Illinois 
L. R. Dragstedt. Secretary: L. A. Crandall, Jr. Members 
Chicago University Medical School, November 25, 1936. 
University of Iinois Medical School, February 9, 1937. 
Northwestern University Medical School, April 13, 1937. 
Chicago University Medical School, June 1, 1937. 


Iowa 
C. P. Berg. Secretary: W. R. Ingram. Members: 36. 
State University of Iowa, November 24, 1936. 
State University of Iowa, February 25, 1937. 
State University of Iowa, May 13, 1937. 


Minnesota 
F. H. Scott. Secretary: F. H. Scott. Members: 47. 
University of Minnesota, February 17, 1937. 


Q alisy 


Chairman: 
Meetings: 


Chairman: 
Meetings: 


Chairman: 
Meetings: 


Chairman : 


Meetings: 


Chairman: 
Meetings: 


Chairman: 
Meetings: 


Chairman : 
Meetings: 


SECRETARY'S REPORT 


Missouri 


G. H. Bishop. Secretary: A. B. Hertzman. Members: 52. 


Washington University Medical School, October 14, 1936. 
St. Louis University Medical School, November 11, 1936. 


Washington University Medical School, February 10, 1937. 


St. Louis University Medical School, March 10, 1937. 
Washington University Medical School, April 14, 1937. 
St. Louis University Medical School, May 12, 1937. 


New York 
H. S. Gasser. Secretary: I. Greenwald. Members: 732. 
New York Academy of Medicine, October 21, 1936. 
New York Academy of Medicine, November 18, 1936. 
New York Academy of Medicine, December 16, 1936. 
New York Academy of Medicine, January 20, 1937. 
New York Academy of Medicine, March 17, 1937. 
New York Academy of Medicine, April 21, 1937. 
New York Academy of Medicine, May 19, 1937. 


Pacific Coast 
C. D. Leake. Secretary: J. Field Il. Members: 95. 
Stanford University, October 10, 1936. 


University of California Medical School, December 9, 1936. 


Stanford University Medical School, February 3, 1937. 
Mount Zion Hospital, March 10, 1937. 
University of California, May 8, 1937. 


Peiping (China) 
S. H. Liu. Secretary: C. H. Hu. Members: 37. 
Peiping Union Medical College, October 28, 1936. 
Peiping Union Medical College, February 24, 1937. 


Southern 
A. Ochsner. Secretary: R. Ashman. Members: 36. 
Tulane University, December 4, 1936. 
Tulane University, March 5, 1937. 
Tulane University, May 21, 1937. 


Southern Califorma 
G. H. Ball. Secretary: C. H. Thienes. Members: 36. 
University of Southern California, October 21, 1936. 
University of Southern California, December 29, 1936. 
Seripps Institution, February 27, 1937. 
University of California at Los Angeles, May 3, 1937. 


Western New York 


W. J. Atwell. Secretary: R. R. Humphrey. Members: 56. 
Cornell University, October 31, 1936. 
Syracuse University, December 19, 1936. 
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University of Rochester Medical School, February 13, 1937. 


University of Buffalo, May 22, 1937. 
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Wisconsin 
Chairman: B. L. Sevringhaus. Secretary: M. R. Irwin. Members: 35. 


PROCEEDINGS 
Preliminary manuscripts, 47% ; complete manuscripts, 53%. 
Radical revision or non-acceptance of manuscripts is determined by 
three or more editors. 


MEMBERSHIP 
Members, Mareh’ 31, 1936... 222 eiescectocees-osneonceaees teres 1318 
Blected during 4year:...2 2.52 ee es 60 
Honorary Memibers. 2205 2.cecesecsoeteg esses hin ee oe eo eee 8 
Total  ...ivsledteS eich oe ee ee ee ee —— 1386 
Resignations” Sc... cc sieve eee ae ee et a eee 1 
Deaths .catvhvaacan ld eee ee ee ee abl 
AYTOBLS -nssen5e 255 deeece te es ee ee ee eee 9 
— 32 
Total Memberships Mitre) sc leas 3 (ces eee see a eeee eee enn 1354, 
1927 1937 
Membership............ 851 1354 
Subseriptionss Marehi 3d, OS Gay 253 «...0c1..58 teem ee 544 


DEATHS OF MEMBERS 
The Council records with regret the deaths of the following members: 
Doctors S. R. Benedict, H. Brooks, R. Ellsworth, G. L. Hoffman, C. W. 
Hooper, C. G. Huber, F. M. Johns, E. O. Jordan, O. Klotz, M. Marriott, and 
P. G. Stiles. 
A. J. GOLDFoRB, 
Secretary. 


TREASURER’S REPORT 
April 1, 1936 to April 1, 1937 


The officers of the Society express their profound appreciation of the 
superb technical help of Mr. H. G. Friedman in the investments of the 
Society. It is due largely to his help that the Society weathered so success- 
fully the protracted financial depression. 

The officers also wish to thank Mr. Leon Leighton, who also voluntarily 
advised us in the many legal questions concerning our mortgages. 


RECEIPTS 
BalanceroneianteAup rid: ly O36 ee eee Sa ee ee os $ 5,996.17 
Income, 1936-37 
DES grec et ee aa Es. AS, ee es ee $ 5,569.75 
AER Tas eet eae ect eon kee eee 2,854.51 
SPEC SSIS [5 2 CC econ a ea cane cea ene eee 1,326.19 
OTT ESS, Spec ce eae ee eA 545.00 
CHOP ETSQSEL io, ans 8 ee ee tee eRe Ooo Nar prey ed eres ee 39.02 
SELOSC LU [MLO 11.5 sapere tes onc mere ees ones No nc za vaca 3,318.24 
Backes Ni Mens 150 1 Caeser Smee ie ee eee See eee 246.48 
inferesia(j Pecial acco Tits) see seen eee ee 12.41 
HV HES Ce ee US eee orcs eases eee cae eee atrioe tess 18.03 
sgh esa TITT Ere Le COTM C22 eee eee eee Sere Seeae sere ——— $13,929.63 
Total Cash Available, April 1, 1936-April 1, 1937........................ $19,925.80 
DisBURSEMENTS 
Publication Cost of Proceedings: 
JP esay ith Vogt Ne pee eee ee ee errr ee eee err $ 6,730.12 
TR GHO TRONS: wets escrnncs cocrsenret) seen ier eaee Ra Pees ere tc Ree errr 2,848.09 
(Opi RS) Sos een hee ae Be ere oh cr oie See 698.74 
$10,276.95 
Administrative Expenses: 
Office Supplies, Postage, and Telephone................ $ 1,023.74 
Solty Ae eS ek eee 2 ee a ee ee ee ar ee 2,064.00 
SS OTL MR TT CHa MISSLIS TCO eee eee ace aracenezaseeaeaceeree eae MA3. 
caf LAPS) SRS SP” Dl oe Be en on eon ao nee SC 152.19 
3,311.06 
agireill, AA vawraiipsll) DMS) cy SSCs VSO Se eee orrere eer eke ee coe CEES $13,588.01 
Crepe BAITED 1, LOD oo facnscarers-casaes-sondder-n2caenandeeeriance-sincsan-tureex=s 6,337.79 
EI est Nem eke ae Sas nanny e eceteaddspaeeNasmen ean-ae sabi speeder? 7 $19,925.80 


*Includes incorporation fees—$85. 


876 TREASURER’S REPORT 


SUMMARY 
Tneome® (mets): vas cio tas a ace eee nese eel earners see $13,929.63 
Disbursements (ave i) ees eree sees eee earl Senet teers 13,588.01 
Star pleas: o.cesss.a-cgoesend Peg eases nee toe eapes rere feed soe se> Conan $ 341.62 
Bills payable—none 
Bills receivable—$714.42 

FuNnps 


Endowment Fund 


Agpril Ly DOB Gs capes eo ote eee ge ota tasmconnar Bees eee ne aes $15,390.92 
Enberest, tos Agoril aL, 9 3 (ees eeeesee tees cera sne. eeres ee sceeeees 614.97 
$16,005.89 
Invested in New York Title and Mortgage Co............. $ 6,000.00 
Title Guarantee and Trust Co...............-.---- 2,500.00 
Lawyers MoTtoAm em CO ese eee 1,500.00 
R. R. Federal Savings and Loan...............- 24.71 
Bowery. Sayings Bank 2. sc0-ccocesnsee te cere 1,008.02 
Vint Grea) Es OAC Serene eee ee 4,973.16 
(Present value $5,067.13) ——— $16,005.89 
Surplus Fund 
Aprile Ty O56 50. 2 oo ec.2 2d ene ee eee $ 9,693.72 
Interests toweAcp ral els il. 0 3) = semen ee cea eee eae 370.72 
$10,064.44 
Invested in Title Guarantee and Trust Co... $ 2,900.00 
R. R. Federal Savings and Loan.................. 3,103.87 
Bowery Savingss Bonk s:..../ce ee 887.10 
Industrial {Bonds ec cons tee 3,173.47 
(Present value $3,345.00) ——— $10,064.44 
life Membership Fund 
Invested in R. R. Federal Savings and Loan. .........cececcecceceeeeeeeoee- Se Ono) 


Auditors’ Report 
April 16, 1937. 
We have examined the Treasurer’s report and have verified the state- 
ments therein against the books of the Society. We are satisfied that the 
records of financial transactions are in good order and accurately kept. 


(Signed ) ALWIN M. PapPpENHEIMER 
Homer W. Sirs 
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Honorary MEMBERS 


EF lexner, STL: ET Coe Re, ae aO Rn Rem ecg IE aell Aiec een ees Rockefeller Institute 
LEDS UNS AURIS 20 & Ree een er 7 Oo Ne ne eee a Johns Hopkins Univ. 
Me Sd 5 (SRN a dae Ae ED o/s PPT he a EE New York City 
HBO TACT CneaN Vie PCT To 8 ease See ee YL vk eas oe Univ. of Michigan 
EORUGE am VV IIMMeinTI pe cscok = Ne tek ee neste tater fo ee yo Re ee ee Harvard Uniy. 
ENE rs Natta EEN cs eS va 5s Fo eA See enh tks son ntns Aen svc tace ae Paris, France 
TUE SPORE VETS gd Tier C2e Lg hc! s See a Oe a noe eee Oe Munich, Germany 
AQIS rTPA oUeiir ies Ml Bae eee) Re eee a eee een eta Columbia Univ. 
MEMBERS 

[al 3 Pol vie fae ie Veena SR EN epee see Johns Hopkins Univ. 
CAND RAISO Mee ELC A sso eee Coll. Physicians and Surgeons, New York 

PAUoteem Aer intitle eee ek sens pede 2 ee als | eae og Northwestern Univ. 
EN CEUTA Some Ateed BAI ACG eee ono 2 ove sce Se we Mount Holyoke Coll. 
PAL etn mV VE Laila eee sae Nei LB Cre BN hs eae ee Univ. of Chicago 
NT RL TENS 25 SE ee eee ee eee Med., Stanford Univ. 
ENGVORS aah, UN OS a 0 pe a ee epee een ree Univ. of Rochester Med. 
BeOS Ss SR 2 Sg Ce eee eee Peiping, China 
Aikescamars (eins, la Essai De > Meee we Gee eee eer ROR Roane Washington Univ. 
SINUS ae 1 BYe Seat hy 1 Pen ea eo ee eee Univ. of California, Los Angeles 
Se aN NAR ee es accep cc eete ane cade tpn OO ease oe Yale Univ. 
Aiieran, “Ua pagiir 2S ee IR peer ee N. Y. Homeopathic Med. 
PAU Corinmm Wl loca Tap Lapeer 2 eek Seco eee eee me Se eer 302 Se Univ. of Oregon 
EES AER 1 Se ee eee tees ene ee ie, PR re Los Angeles, California 
ECE OE P11 RI ete een ay ae eee oe: Stanford Univ. 
SALOU EDC hc oe es em ee a Bee ee Northwestern Univ. Med. 
NUH ELE Seal NE Bee et ie cree ive eee Univ. of California Med. 
PANT Gece litle map tee) eee ee erent ee sae ee eee cae otc nts, Beth Israel Hospital, Boston 
BCR CCE tate tes ink nists casdap pd piv rPoaenadsarecnzeweresaetaaaeen ee Mayo Clinic 
AOR ROS TSS es 0d RR ee on ine ON Se ree eres Univ. of Chicago 
PAS ANELTUN es cose Uasdsas asec ent anecennneeioncenasc censuanpcanehcoeddoag=cacandee Mayo Clinic 
Breage, WALA Reed octet ee oe a ee eee eee Univ. of Tennessee Med. 
PES! 8 GN (5 0] WI ss tae ae Re eer DP De ena Cne ora Rockefeller Institute 
dsarSlereeerak, WD yanizouh the ds bs ceren- sence ee eee Coll..of Physicians and Surgeons 
UN OUTED yi is 1 25 918 [eu Bi ope ee Rk eer nn ne Open enE 3 Univ. of California Med. 
PATO OPO MS OWN EO oa dscsp ee ee eaeaserecaversvesticrnensseentutenentzcenennndnnzvdvbaae Univ. of Minnesota 
PRICES) ONT Prec pis se teen sn nies onsieancnns tes cbostcadisanetncntnetisarabonne stir E. R. Squibb & Son 
Amdersony Rudol pli J ...2-:.-.--sc1csascec-neoenrnenenecenenecnsscentennarsassannrasrenyasrsonsses Yale Univ. 
Anderson, William ]................-.-::::ccs--ececsceeeeseeesesececenenaneneneereseersesesenenes Yale Univ. 
(Adice ws, Widmann. 7 eo pa sod ec tcanseeactdarcececsecrezancentesenenencnsnenterasts Univ. of Chicago 
INraeogn, Wkoiasinanese Wi 2 eee peer irene Rockefeller Institute, Princeton, N. J. 
eT Vd LON aa cae ascend n cee cmsm er cecerncnn dese aetntedamanencannetn tte Univ. of Illinois 
Aronson, J ME nPIA  ee d ener Henry Phipps Institute 
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Asher, Leom jccic5 5ch esos ere eee Berne, Switzerland 
Ashman, Richard. c.s:cut see Louisiana State Univ. Medical Center 
Asmiindson, V.. Sg tin eect eee ee Univ. of California 
Artelileiyys* Wi. .cc<c: tat ceente reco eee eee Presbyterian Hospital, New York City 
Atwell, Wayne: J .ies:de 5A hence eke tore eee Univ. of Buffalo, N. Y. 
Aub, Joseph: C223 Huntington Memorial Hospital, Boston 
PNOCD, UIOUUN, oe tte tecrrecencet ake ae SuSE AS Roe eres St. Louis Univ. 
Austin; tdi dtarolduch 22.5 epee, oe ee a eee Univ. of Pennsylvania 
B50 Fed Wa toa) 0 spay MO eres Se 2 PORE et Rockefeller Institute, N. Y. City 
AVeryss ROY: Cr. 2scb ce ectsn ace alae oan een one essere ee Vanderbilt Univ. 
pAry.COCK; «. Wer, Laks 223 hecee -85 Sc. oo seen 2 ee Harvard Med. School 
akin, BOx ts. Pace cece sievenscadhsrpp a eedeee ce saeco McGill Univ. 
Bachem, Albethv.2a:26-4 ite pees Uniy. of Illinois Medical Coll. 
Bachr, George jnicticctec teak ae ol at eens Mt. Sinai Hospital, N. Y. City 
Bace Halsey die. ee ee eens Memorial Hospital, N. Y. City 
Bailey, ‘@amerom: Viesiise tee eee ee ee ee N. Y. Post-Graduate Med. 
Baitsell George MARS 225 5 eee a ee shvebee to pure a Yale Univ. 
Baker mTillaan 0 Hye 22h re se. re Rockefeller Institute 
Bialkewalr eens sy gene es eee ee N. Y. Univ. and Bellevue Medical Coll. 
Bald wing: E’nameisiMe offs eee A ee ae eee eee eee Univ. of S. Calif. 
Bails. Ho eet ae he ee eee Univ. of California, Los Angeles 
Ball EispA cates <2 sete IOs oe eee a0 a0 ere San Diego, Cahf. 
Balls Avie ss 215 cop Saeko eae ee Se ee eee ae U. S. Dept. of Agriculture 
Bavinta, Are MS ee nes, oes, 25 eee se es ot ee ee ee Brown Univ. 
Ban ting ered eri cky Gust a2... 5 ieee. eee ee ee Univ. of Toronto 
Banach, Al viii iiwesiese: 02 ee eee enters oe Coll. of Physicians and Surgeons 
Barber se Wi.) FLO weds sso een enya a ee New York Univ. Med. 
Barbour: Elenry iG. asc 2. eee ess, ice ee ee Yale Univ. 
Barer: Adelaide. Psa: se soot ae. ono eee es State Univ. of Iowa 
Barlow Oc Went lec, 2 eco Renee af es auth san ee ee Albany, N. Y. 
Barnett; George, Da .2..652. 4c ons a ee Stanford Univ. 
Barr, Davids Pets ot eens 2G Washington Univ. 
Barroriy WAS .¢ Gis 2S er ere ae ae ee Univ. of Chicago 
Barth, «Ta Gers cree, 5 Ge she oe Columbia Univ. 
BS aVeLeyi NEL. cckcr tect sc eee ae eR Washington Univ. 
Bass,)Charles (9.42.7 ..J.cupuetelee eet eee x eee Tulane Univ. 
Beast Dae Be paca sches Aap evades PE Dee, ee ee ee Univ. of Wisconsin 
Baaiesye Rive Wise. 2: tice oe ie eee ete hee Carnegie Institution of Washington 
1 SESSA Be» Geen, ee Sere EN ek. Sh a vs INN le eS bt Rockefeller Institute 
Bauman}, Lowiseticgrs.2. 20st ee .....-Presbyterian Hospital, N. Y. City 
Beauimariiny Egle oct AL A ae daad cote ee see Montefiore Hospital, N. Y. City 
Baumberger,) J Pavey. acc. : acacia Stanford Univ. 
Bayne= JONES Soho Mecctvcccivedevasevisie oie te ee occ ee Yale Univ. 
Bazett Gh, Cmca eic tee ea otal Aire en nee een Uniy. of Pennsylvania 
Bean, Solin. Wisc incccat ato eee eee eee ee Univ. of Michigan 
Beard Wi hea 2 eer ee ee eee Louisiana State Univ. Medical Center 
Beard, S.! Wx. in oe On ee ee ee Rockefeller Institute 
Beek) PoP Ii 5 scctinare teen ie is ek rt eee Stanford Univ. 
Beek; Clande Sn. 5. eet 4h ce een ee eee Western Reserve Univ. 


Becker, ‘Ht Rins4si3 Gedo eis eee ee Iowa State Coll. 
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Beckman, UE 5 hy ee coc ae ee ee ee Marquette Univ. Med. 
ROCIO, Meee nS grb ce Ee he Univ. of California, Los Angeles 
Dieta, Neaume tia Ac cisco onls ccttnc ko acne Cornell Univ. Medical Coll. 
Eo hae CO it i 1 eel a a ae ee OE) Boston Univ. 
So Peart pec WW sca ecll he ahs bases Univ. of California, Los Angeles 
SBOE ORIN MN EON Oe 0 ic os ee SR ee ce ak Columbia Univ. 
Lica AM Sh BOR yes aca ce aeee ee ene eee eee State Univ. of Iowa 
|e cy NUNES G8» eat ee eee MR (OG <0 New York City 
LOG ST LOE i, Se Re aE ELL oC ee ee ee Dota Univ. of Illinois 
IBercavent vi de Elen ke RO atone book National Drug Co., Philadelphia 
eres ict si eA ey er ene er ee Rockefeller Institute 
Bio cri Wa) eg 4.07 Ce Ee) | Ieee en Lenox Hill Hospital, N. Y. City 
[BESS AMH YATE, CTE se OG Bc nee ale ais oh ce em RE Univ. of Michigan 
pO SSPE se 0A ed A a 3) ee Univ. of Rochester Med. 
(SOULS EBA EEN Gos Aa ee Hahnemann Medical College, Philadelphia 
Leo POA [1 es ase ae Ce Univ. of Minnesota 
bar Ss (6k IL ee eee ae Mead, Johnson and Co., Evansville, Ind. 
Lag ES Deg 6 0! OO ne ee American Med. Assn., Chicago 
ESET OC TN CCETMGA et ee Ocoee eee Rockefeller Institute, N. Y. City 
BirkhanosWonrad) Biss... 5 2)20 ii. Geophysie Institute, Bergen, Norway 
USE a BED cas 6 BS Mie re aaa ce ee Boe nee net er or ee Webster Groves, Mo. 
BISHOP INTE MATIN OW Ootee se 2, le en eRe aN ee oo Univ. of California 
AE eve Keteet rows LSOmaL)) Semmes a? mteene a Wee nls OED ey Re eee ee Harvard Med. School 
IES Tete are) ora ieee eee ove 2M ee Hospital for Joint Diseases, N. Y. City 
Bakes eG eran en ts ate ee ae eee Yale Univ. 
Blakeslee, Albert F.....Station for Exp. Evolution, Cold Spring Harbor, N. Y. 
Betas Kem Nel See 0h armeees emeeD 5 IEEE, SE oe Deedee esceen ee Vanderbilt Univ. Med. 
Blatherwick, Norman R.................- Metropolitan Life Insurance Co., N. Y. City 
| SU I0 Si 002 Ft LEE ae ee ee ee Cornell Univ. Medical Coll. 
See areas ree A OOo cerih ct yak decd. eters cap ensacxatbipe eens Stanford Univ. 
eRe TDL EL ON GL ane 2 cat abe ape OR ek aes canned beh ghrctvd vera vevgnrsevsorvens Tulane Univ. 
IE ERIE Mo CR oS ck Skea oh tec reacidenent ges dnag abcvnaiese Univ. of Chicago 
i SS eN cel 1 8 bee en eon ea N. Y. State Psychiatric Institute 
Jaen I UATE Tag ce pee oe ea Dear oe nee 5 eee a mene ee Univ. of Chicago 
AE UROITTIMTe | Clee Ace ame eee Sere LE eee eps eaecerea hee eet See ece tess: Stanford Univ. Med. 
13 ey ea eee en ane ee eee ee rons Univ. of Rochester 
SECU NICS ea tpl i ee ans ae Se ee ao Univ. of Minnesota 
1s beta bedi a oa) 0 EG) hea eee en ey eet aa nee eS Univ. of California 
USUI RO op Logg ee Ri op Beth Israel Hospital, Boston 
Pe Um Oe OT rie os eet ee tate Sad took Scte eripeds acer enzcreneisiiense Marquette Univ. 
1 BLS 0 ee alec ee ne Hospital for Joint Diseases, N. Y. City 
Boarismy, Mie yor ico. coasts John Sealy Hospital, Galveston, Texas 
15-90 FCO 1 5 Noobs weal one eo ee Meee Ro een a ra State Univ. of Iowa 
RAS ESE 5 see eo eee Eee N. Y. Univ. and Bellevue Medical Coll. 
ULES ip STD Ip ae ae ne a a Te Olive View, Calif. 
Eisen WO Veer es TA 8d. 22 05.0 Si seco Bavotentnenapenernes Pazcom ston ca ongaescnen Colorado College 
Ola CeO Lin sd ee cots ices boo vntodanncsh cca daueeacnct Gonteceennenenesedsnenenes Mayo Clinic 
bie a Fo C206 Gece nee a ae Univ. of Chicago 
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Bronk; (Div Wises) so a oe Univ. of Pennsylvania 
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Byrnes SOSO I I erect etcetera a tee cee ee Fordham Univ. 
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Olinighta my Ete Miny aA se eee Ne Se Peter Bent Brigham Hospital 
Ohare testeratier aa aA Cea iA on os at sea eerste ee eaves As Univ. of Michigan 
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Cole,: Eeacltys: Vo .c.ceeceo ccc ese ee ore Rockefeller Institute, N. Y. City 
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Co wel rye Baste Vs ope ee cccces anceps meses canes tan Sates ae eee Washington Univ. 
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Ts Cie 2 [hs rer Massachusetts General Hospital, Boston 
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IE Eek MNS noes ose ene choco lage BO gene own feted ce cee Stanford Univ. 
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SA CIP TC NLA WS se BOR Serco Sa ae Pee Univ. of Pennsylvania 
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Wberson,' Mrederigh: 2s 7.322. 23petee eee eee San Francisco, Calif. 
Bekins Hho ae ole ec nce eee Western Reserve Univ. 
WekStein, Hever y Celt conic eee neta dn cee ec eee Univ. of Michigan 
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Bane A COR G0 etc nes see er Rise eed Ja. oe Univ. of Minnesota 
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BG CHE DPA DCTs tweet turd a cers Joe wine a) Feel Kopenhagen, Denmark 
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Lys AES EL Osh \ gg Bae: aban tata helt sd at ane eee ner Oe eR ee Univ. of Minnesota 
ibeislann es ON OF Wea). Se ee ce Be cee er Rear Kenmore, N. Y. 
Weed UNV A TB leg ls ae ee ee ee ere Exp. Evolution, Cold Spring Harbor, N. Y. 
sus DET (Soe 9 19 echo ee pee Seen oP ERE reece Tulane Univ. 
Tepes RAO INO Set lessees oe incase tne dnastnsdscaietoraatatSecaes Univ. of California Med. 
hese ame eas ota eae aetna ot See Svea carte sace: Hygienic Laboratory, Washington, D. C. 
hhSibs SETS 2001 Sy a aap nn ne a Johns Hopkins Med. 
Inc PRN Dp mer ee eos rte cdg oes ec oy sew arateer aes cee Harvard Univ. 
iOS CLASH 2) ls Deh SS ea RPP es ne George Washington Univ. 
LCS) LEC a A ace NGI Ii Soe see Ee eC Uniy. of Chicago 
ILeoratietl, (Cl, Shs. cccstessetse cease te coc meer Aree eee ane oe PE eee Newark, N. J. 
HESURI CO) Rig (Cha tity os precise eek Nar Oey oe Se REPT ee Bo oe a Union Coll. 
LI AY TEC RS LUI (I ge sy Oe BE a ee Johns Hopkins Univ. 
b SUS CLE a) eels ie Pap i RP oR ee Rockefeller Inst., N. Y. City 
N. Y. City 


PORTE, ACEO oe oy wk a aenel sy 2 ire SSE gn oT ont ee ee 
UhvSaptiyos 1875 Te CWNTUA RPS coerce eee eee ea eee Washington, D. C. 
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Lee whtie, Wai noc ccscceeansoncce cee terre tose oc Da oes fae Iowa State Coll. 
Levine, Michsel 5... oe tee Montefiore Hosp., N. Y. City 
Levine, Rip cca ee eee ae ee ee Beth Israel Hosp., Newark, N. J. 
Levine, «Saimitiell Ze... ccceateccss cee ee ee eee Cornell Univ. Medical Coll. 
Leyine, Vietor By. 22250 c or poet ceeree eee ee ee Creighton Univ. 
Leyinson, ‘Samuel Al 220 isc eseeee es ecco cs ecose cect ere eee Univ. of Illinois 
Doe iy, ELGG I acute aca 25 tees ccna meee eee N. Y. Univ. Medical Coll. 
Dbevy Robert, [ice sacs Seance eet terrence eee Presbyterian Hosp., N. Y. City 
Téwig, Howard Bis) iio csc. octe co atc ntancoeece: -Oneaireie e e Univ. of Michigan 
Lewis, Robert. Cy oe x. nes cncteae tet tee ie ov cae eae Univ. of Colorado 
Lichtenstein, (LOUis ine oe Hospital for Joint Diseases, N. Y. City 
Taddell, Hous. 2h... ot A eee Cornell Univ. 
Dae, Go Cs, sete casenvezact vas acctlenenane tees eee cnves i ee en Columbia Univ. 
ballin, Iie walle Wits ee i ee eee ee Univ. of Chicago 
ie. tal plyGrtes tanec ee... ee ee Univ. of Chicago 
Taian COS sesh racn csv succor eee eerie tare ee Peiping Union Medical Coll. 
Dam RoW erty ers ose eee ee ee Peiping Union Medical Coll. 
Laindegren, Ge Ci. ycgec lee tees Univ. S. Calif. 
Lies Chiro T Vie ee ee ere ee Peiping Union Medical Coll. 
Linton; Richard Wy 2. o.oo Caleutta, India 
Layman’ Charl 6s 03 eee nee cer ee ee ee Univ. of California 
Tittle; CC ets sae eee cle ee ee ee Bar Harbor, Maine 
Dati, OUD fo. eee ee ca meen ee ee Peiping Union Medical Coll. 
D BVT Pag oti Ec) aU aieeaee ee ei ea eee os Meron ere oe aia nee Peiping Union Medical Coll. 
iO GE. 0; iAP a See sre eee ee W. Pennsylvania Hosp., Pittsburgh 
B Boy) peel (20 ee arse ee eee cee RP er mee ene Rel EN of Washington Univ. 
Ibe by Feo bert gly ra es eee eee Presbyterian Hosp., N. Y. City 
Loebel Roberts x cccasp2 a -cieereas ltt sce 2k. te Ni Ya City 
Me la Welt a WE sath ree eck Sed ee Univ. of Iowa 
Loewe, Stegivied «2.52245 eatin: ete ee eae ee New Rochelle, N. Y. 
Tondo, lho 5 aes ec sare ae meee ae ee ee Leningrad, U.S. S. R. 
Tong 3G. ON, hoe cs ia 2st ene ate om ces ek oe Nee Yale Univ. 
TOTS ois Tec sete, <tece beck ie Rae re gee ed Henry Phipps Inst., Philadelphia 
Long, PermneH. 5.272. ea eee enc EE ...Johns Hopkins Hosp. 
Longcone, Weel ee wae eee eee en he Johns Hopkins Univ. 
Looney AJ. oN n ci 9 hes ioe aid the ome ten eee Worcester State Hosp., Mass. 
Lorenz, .VVilliain BY, so.) tte oh eee eee cock re eae Univ. of Wisconsin 
Tineas, .Wallidmn P< Sees ia et os oe Univ. of Calif. 
1: a eae oo a et ee Te Ee SO aoe Mtg ee Univ. of Calif. 
Vaeky, Jing Muar ay ues occa ies teeny ate teeta Stanford Univ. 
Lueké,. Bald win ds.) 36) 32, eed eer mee tke on nee Univ. of Pennsylvania 
Lipelchardi, AG: Bick occ. eae eee eae hs Univ. of Chicago 
Leth, Fi Cy 5.5 a ee ease Northwestern Uniy. 
Lund, Beals 2h clare as ee Univ. of Texas 
Gurtes Marx By ize le ee Henry Phipps Inst., Philadelphia 
SC ae oe eee eee men eee rN UNL So Piss CRO. | St. Louis Univ. 
Lavan, cP cehi eee: ed eee Soa nesta cece eee ey Meee Ohio State Univ. 
Liyngh, Clarard..c.u 330 e) ee Ui Rene ee Rockefeller Inst., N. Y. City 
Lyon HSPs xis Bik ache ee oop) ee Univ. of Minnesota 


Lyons, We Roe oc ceca i see Univ. of Calif. 
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McCann, LLL ass aS oe ERROR ars ead. ean ol pint Univ. of Rochester 

Mic Glendon yedael Tancls ste ee Univ. of Minnesota 
I LRELS/ SOG Mie, CF) LA a ee ee a eR Univ. of Iowa 
AGN aa RETRY Pe ie ane e yeae Oas ce  etuetealih la scces Johns Hopkins Univ. 
DUS So 1S (En eee Ng Washington Univ. 
INEGI Py POIVEr TUthks foto. ee eh et Le, Univ. of Rochester 
jG LGon LES 7 0 | 0 OF Cleveland Clinic Foundation 
NEG Oe Gi Fars MO PLO Fos ncn cerareec vcs aniactun ceva Univ. of Pennsylvania 
SN DGL Mo er Bs cr ee eee ee Montreal Neurological Inst. 
IMIGlETb eon, ViVi ae ie Aes ee See i 2 noe ern GE Univ. of Pittsburgh 
RG se LEC ol BM We eae 0 Re r= Sen LR Parke, Davis Co. 
IEG VeRO EG TISEATI IM oh 1h coer cisec occa earteisca eiscwaeae Babies. Hosp., N. Y. City 
UIs angi DATs eg 2 Oe, ee a Bassett Hosp., Cooperstown, N. Y. 
Re PTAC REED PATS ORAW WE Sade occ olsspcpdcaeloxa sca cg docevis paces ome sa Loyola Univ. 
MCI MTL EAU ne, te) foi ee me Se Univ. of S. California 
DIG SE ARG” De (2 Saad A oe George Washington Univ. 
hoes TG: | MRS, a ea Re cee ee Univ. of Minnesota 
WG! sos at ESS EL Ee ee ts 2 eee eee Univ. of Chicago 
hubs“ ive 27211 PV) DES eee Rockefeller Inst., N. Y. City 
Wi Pel etree, ods \ Wg, 5k Stancil Meds Seay ie PPR oo emi Re oat eR A Pittsburgh Hosp. 
NCEA ATE SSE FAC MS RUE & Ae Univ. of Minnesota 
Uae As AG st le oe a ee Peiping Union Medical, Coll. 
MacDowell, E. Carlton.................. Exp. Evolution, Cold Spring Harbor, N. Y. 
Vilage Negens stees e  e: Hynson, Westcott and Dunning, Baltimore 
Niro) a5) DN bs Soe he eee eee Seripps Metabolic Clinic, San Diego, Calif. 
INackKenuzte wr eore owl (uit tt fe eee. ees Bassett Hosp., Cooperstown, N. Y. 
PAN ee OCR PRE ACO cee ota argent awattncvakicse ebesretmiuectvtacdnaetence Columbia Univ. 
Soyo LEY sgh U8 Re one ence N. Y. Post-Graduate Med. 
VITO NIG © mV ATLL TINS ORES Weectess cece ee tnae esta cceeenaicessecceeeauer Uniy. of North Carolina 
WON, ine 8 use ep Sieaaiices eae a ie pie ee oe es aa oR ee eee Se Detroit, Mich. 
Bere Dee RMN Ie Eo rcs serpy sch 322 Sip ado uta su chedde dan sunwnscenenthcerbaiee oe nunetee Mayo Clinie 
PRE ra er Cl WW LUMLATA a so. o ass tin ca sistena avons Iowa State Psychopathic Hosp. 
EAD MITRAL WV se LOY iso treo sot omen eees iar aanishsaseceenecntenat Saseszevos Michigan State Coll. 
Tel ie Soe 1 Be ce ee eo ee Poo Boston City Hosp. 
EGER pe Tes 60 Ee ee ere ere eee ee eee eas Howard Univ. 
BVP RU ANY, SEV ATD oh eis ok Nos dusty resare sh cdedct cwvendasvanteraae ste N. Y. State Dept. of Health 
A125 oR et dy rig ee ae ae fe State Dept. of Health, Albany, N. Y. 
i043 Fe) Pg: Gg 8 ll Aan ee nea N. Y. Univ. Medical Coll. 
Mann, Prank C, ...........2.1.0sccsccscseesesscscenssenee-csneessessstecesssssnsesnsnaraseeneneses Mayo Clinic 
Mee EE TOR potest sae ose 4 ee tesastd sxe neauins ceria andsancectansueasadetsesntonenaseaewegoes N. Y. City 
Manville, Tra Albert: ......-2--...sccc-.-s-secccssenesessseccnesvessssessensenecesenseense Univ. of Oregon 
Manwaring, NRE i Sac ectk erantrre a iohesa Side tenaa te Si Nat arent sau Stanford Univ. 
1 gh 7d OE oe (0 ee mo Montefiore Hosp., N. Y. City 
Markowitz, Jacob .......-.--..c-ccececsceecececeesceeseseseecesseesenennenenencnenenens Toronto, Canada 
ESETPORSEOTIAN I ales tease let secs ustanaSacetiabenadcnseseaanertennseainscvancanss Cornell Medical Coll. 
EAT SII RO Po es cievcctesscecscactsnassscnsnedascsentnrsatatecseasstinaseenettiasnensecearsneties Gettysburg Coll. 
Asha BAIS, ed eee tt gets ccecew tdi gate eon oeaap eacssbabasteaaes Johns Hopkins Univ. 
Marshall, Max S. PRR I ae ge Sean e ced arnt roi crsdctsn asa toe Lce orden Univ. of California 
Marshall, Wade J. .........-.-s-sccsssssesessoscseserececseessessensenenenenees Johns Hopkins Univ. 
Martin, Lay ...........-::ssceccscsecessseceeessesseceeeneneenenatecensnseneneennes Johns Hopkins Univ. 
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Mason, Ky He ve).4.. sel eee Vanderbilt Univ. 
Master, Arthur Me .:ccccccicsse.nc. fozcpndcceecteseste cs paeec copra eee ese N. Y. City 
Matas) Raadlioby. acs .25 fee ies cee eee New Orleans, La. 
Mattill, Henry: Ag oF fone ee ee State Univ. of Iowa 
Maughan, Gi: He o2ccec5 2 i ee Cornell Univ. 
Maver.e Mary swe eta eee _......National Inst. of Health, Washington 
Maxey; Kenneth Fuge eee Univ. of Minnesota 
Mayerson, FS, ssccicace- acura ets eee es Tulane Univ. 
Maynard, Lr A. sca ote e eet oe Cornell Univ. 
Meakins;: Jonathan J. 223 45... 7.0 eee ee McGill Univ. 
Medes, Grace wi 5.35.5.) 2e ee Lankenau Research Inst., Philadelphia 
Meédlar, Ei: Muse soe oe... ee eee Mt. McGregor, N. Y. 
Meek, Walter: Jixt3..2. unl ae ee eee Univ. of Wisconsin 
Meerail,, Wmiersont .o.24.2.575.5 eee ee Western Reserve Univ. 
Meigs, 2h) Bs 3 one ee ee Dairy Division Exp. Station, Beltsville, Md. 
Meéléney; By L..22 eee ee eee Presbyterian Hosp., N. Y. City 
Methussi 0 Bio vaoxc 28 2 os Sk see a oe eee Towa State Coll. 
Mel onieg ally ni ryse ae ener Western Pennsylvania Hosp., Pittsburgh 
Meénikin, )Vialiy3 25: 3 soe Eh ee Harvard Med. 
Menten, sMaude- hw =< MEM > J ie Se eee Univ. of Pittsburgh 
Menyilles Leontd sie eee ek ee ee Tulane Univ. 
Mettior: Stacey ite. seers Sra a Univ. of California Med. 
Meyer sAdolik: tee as aire ye oe eee Johns Hopkins Univ. 
Moyer WAS Wifi ein, Neier eo rao con eee N.Y City 
Movers (A. SAW: cot she ee ce a Ered ES Oe Stanford Univ. Med. 
Be ge aces © a eee a er eR Pe ec ee Coll. of Physicians and Surgeons 
Meyer; IG ccna nati A tae eatin te Univ. of California 
Mey 68 OS OW fae crete tat tee a iw ae Univ. of Wisconsin 
Meyer. Rites otk ieee nee ee is oe lie Ae ee Kalamazoo, Mich. 
Michiselis, “Le0nGr xis dcciscaseeeegl ne Rockefeller Inst. 
Wiuchetsi Nit Ay orcs. Sse gu eer tack lad ee Jefferson Med. 
Madd obeita,) Woon abe nee eee See ch Univ. of Wisconsin 
Bitles Wiis Biss Se hacia ace eet at ee Yale Univ. 
MuiOrak ASD eee, ek oc bee yk ere ok Cornell Medical Coll. 
Miller) CevPhillip, Jt: io c-snetcon i aac Univ. of Chicago 
Mallet, Bit J ies Ae set onde ok Coll. of Physicians and Surgeons 
Muller, ePiranlkelinyitnlg. son sel Ba ee ee Western Reserve Univ. 
Maller Ge Meiko ee aoe Rees een oe American Univ. of Beirut, Syria 
Maller, hose pin ahs Se eyes e ae ee Ae epee ete St. Luke’s Hosp., Chicago 
Millet, Jolin :AsSB oc 2ek Boe Ce i N. Y. City 
Bia Mis wiC laren Get, a. <ciaehec et en ee eee Ree A Cincinnati General Hosp. 
Minot, Georges hs. o0.5. i ckecte ct ee a eee pe Boston City Hosp. 
Mirsky, Alfred. Bonde s ss ee ee Rockefeller Inst. 
Marsicy, + EeciA bay iecc cea, gsc eee ene eee ee Jewish Hosp., Cincinnati 
Mitchells Helen wSn5 6 so. cere iets et Massachusetts State Coll. 
Mistehell 0). WSs cha et Sete ie elie ee Syracuse Univ. 
Mobergis Wik Gin die a oe eee Seripps Inst., La Jolla, Calif. 
Moon), Via Dias ah ie ele pe eee ee Jefferson Medical Coll. 
More, AF Rokossslasdaus cate basco fee ea cate Univ. of Oregon 
Moore, Carl JR: gtesiteissccosceststeceannce sent ee Univ. of Chicago 


Moore, Mo Me os vccescsk cee ete steceeat ci ee re Univ. of Oregon 
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JL RESP SS 918 NOE S/R a ee eo Pee eae nt Cornell Medical Coll. 
EET. fv Deal aaa ede one L-S arn ene enee Sees Univ. of Texas Med., Galveston 
cI ASE aS Frit 1 al 1 oR mR cha Re Univ. of California 
LA TGNES Pid Yael EO, Ga cae ae I Caer California Inst. of Technology 
A. Guat a Tl ERS g 2 1 Fi aa Univ. of Nebraska Coll. of Medicine 
RNa Cre Cet ree nee nk on eee enti S Western Reserve Univ. 
IONE ON AIRE et el io 3 cece eek ckccstatde toe E. R. Squibb and Sons 
LUSTIG Santee 8 DVT 2 Ree, ile San Vanna SOR 7 RES Ae e-  Setite RS New Haven Hosp. 
(OTS AT SAS 01S Re eee a Naar ORS Airs Univ. of Rochester Med. 
LANDS ETN 1 TE] 0 eterna ee BE Ae fee ere Ore ere ope N. Y. Post-Graduate Med. 
Ue BA OA ec ee A na? RAMBO. cae ae eS Peiping Union Medical Coll. 
ROMO EIS AUER eieed Eos taeda eee N. Y. City Bd. of Health 
LENS LE OSU ry Sanat eae Rs CAS BR lnc aie abet ito Univ. of Pennsylvania 
Ie ste Be LES fi ete AOR 0 Ne orev ae 2. Se ne RRDE me We 2c Univ. of California 
‘LV Bead Pd Oss SEC Ss Oat CRE A oie ar ee A Ba Northwestern Univ. 
Te SEES ial aah eRe TE a Rn cle ORI en aR eee a) hae Harvard Univ. 
Roi! 7s SS) Eel SURES ee Cen cece ieee AE en ae ORS Coll. of Physicians and Surgeons 
LUT = 781 gee SRS 2S we Bee Create eae eee Ree ky eel Western Reserve Univ. 
7 SEELES tact 0) Re vie wie Ao Rd REE eer NE EPA Rutland, Mass. 
) Ds, 22 UE Cedi ee a ee Inst. of Genetics, Moscow 
CNS TET fe EY ge Je ane NN SEY ee ay Galveston, Texas 
RUE VIN PEE ELEN, Brooch essa aku: odes eves sasues keels gseoatwees Western Reserve Univ. 
LL Es CUS 1 LT ie ea a nn een ne ARO ee ee Univ. of Rochester 
WN Rrvirey al hed Del 2) ae eek ee eee re ree een een’ Univ. of Pennsylvania 
To LSE i § peuih 2 Jed = SUSE Ee Een ee eer ee eee ee eee ee eee Rockefeller Inst. 
PURE TEAS AMAT a oe accss ppd pce seca Sonn aap ation lpsposen names opiate Rutgers Univ. 
MO ENE N BE Ns aale aernseatves tao seek pun uapts cou annsa askeetababien Wipnvigioe tance Tulane Univ. 
BOW pte ECG OL IN atc bee dens stasicorenbcncanonntn<actendaencvavisncsaticeeee Columbia Univ. 
tet SST 9.47 201 a eae ae Western Reserve Univ. 
Nathanson, DORs. Ey i tseu cox cecckck cael ce aseste tee ees te Los Angeles, Calif. 

SILAS TES CSRS ER pete nee + pee earn ore Michael Reese Hosp., Chicago 
EO TET Ibe 1g I Sa RE TEES SNe ae Pe eer pee eee reo Univ. of Illinois Med. 
Eee ILD Fas ease is czesso ere arte Peputte cote ver Semarndadtnrannroanedtts Univ. of Michigan 
ERA er a eed LRU VAN Oi ae ole eae cacao venta oneness 00 Rutgers. Univ. 
LS ISGI DR. UU Con 20) DRE Sai ar i i en eee enero ene aaa Iowa State Coll. 
BENG TR NN co oe ceca ween co 29 once seams ocd oc eannc con innaerimaandasenpeiaes: Wayne Univ. 
BNA bell UGG yc achat ah nen sesnnnognnttenne nn cerdanotansioncenesevnsattavny New York Univ. 
le Te GP STP DETREI oe) = SU oe erase ope perce ry eee Univ. of Michigan 
Reet LA AEA a lied CHAE UN reat cat sete ae Saco zar cuss heen aoneng ne eacer Stanford Univ. Med. 
Ut GSE sa 7 A a eon oe per re eae Lester Inst., Shanghai, China 
CIN pe or pp Seo aden dove ce meacbominiencensnenanduenvanndnartsvabtnarsencentninantanrn Chicago, Ill. 
Nicholas, J. 8. ...-.2--.---c--------cecccncesescescscecenssrscssesensnsecasseensesensasnanesneneentienns Yale Univ. 
SIS) RE FLL 6 7 OO eee eee ere Cornell Univ. Medical Coll. 
DR VS ONAL 8 yee oa ce cies debina inde ncnaneutancnndnsdnnnntesin strane ivecnsvasssscontee Univ. of Wisconsin 
Nicholson, Hayden C. -.......------000-c-n-nscsnscecencncssoeneenensessssseeneesnes Univ. of Michigan 
AS SCT OO gS So nr ee oe Abbott Laboratories, Chicago 
Niles, Walter La. -.......-.-22.---2-------cnec-cecenneeanennenesenessennsnens .......Cornell Medical Coll. 
Noble, G. Kingsley, Jr. ........-.-------- Amer. Museum Natural History, N. Y. City 


Norris, Har] R. .....-------------c---ceeceescesseseseseteneceeneeseceasenesteneesenns Univ. of Washington 
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Norris, Li, Copicehsccieeccessicesse tee een eet eee ee Cornell Univ. 
Northrop, Jobin We. 2 as. eeee Rockefeller Inst., Princeton, N. J. 
Norton, da) Bly :tcassacee sent ver vec ton eae teeaea ee ee rree Upjohn Co., Kalamazoo, Mich, 
Novy, Hrederiek Gt 225.2 e sce on setae nce aera Univ. of Michigan 
Nungesber W.. is, <ccccgscccestece acess sonore ere oe sae nee em Univ. of Michigan 
Weyieg. BRL NS oo sevestss cig ccosegeet eer nce cee os cov ae aa er Boston City Hosp. 
()breshkove, Atl pepepn benniemc M re St. Stephen’s Coll. 

Qelsner,. Fy, Wee A, vesecesecc seco secs once nce ern ee Tulane Univ. 
Oertel, FLOrst ce ccecsees ascetics orscsscane tr taka sacar MeGill Univ. 
Okey. Ruth Ee Aeshna eee es Univ. of California 
Oe rg ri ooo ase ceeeanay eee rey oe ao eae Univ. of Illinois Med. 
Ose ary, Sis La psec see ceceetes tere ease Washington Univ. 
Oligsky;” Peter’ Kes 4 tssesssevasute te eee eeceteee exe ees Rockefeller Inst., N. Y. City 
Olivier; “Seas. 20 ceeccs 5 ee ee ae nes Long Island Coll., Brooklyn 
Oe Ws WV ioc cc cecse zee cesses cre oes eee recs ares ee Long Island Coll. of Medicine 
Olmstead, Mincterra Paes es eg eee Presbyterian Hosp., N. Y. City 
Olmstead’ Ws, He dees for eae ok ee Washington Univ. 
Olmsted: Fc se DY. acai ove cag) Se aoe ae cot oe cee Univ. of California 
Opie)-Hig ene Aiovaxess ta ct een ee Cornell Univ. Medical Coll. 
Oppenheimer: B'S. eccs cosets a cdae eet ee Columbia Univ. 
Ore nit; EOI Sey 22 oe 1S ot ae aR RN Hor eC eS a to a ee Johns Hopkins Univ. 
Ornstein, Geo re iG ee aoa ae ae oe ee Columbia Univ. 
Orten,, James MA is. 5 An cree nes een oes nee en Yale Univ. 
Osgood; Wii shi cares eee oe aren iter Nerney ee Uniy. of Oregon Med. 
OST dls VRE Ms sees ney eer ek eee a EO ee ee Los Angeles, Calif. 
Ostethoutyaw «ls Vatctceoe os eto tece cance nce eee nee Rockefeller Inst. 
Ottenbere Wie. Soren cesc crear: ae eee teases 28h see Mt. Sinai Hosp., N. Y. City 
EGO ye ED apse ee cee en ee N. Y. Univ. Medical Coll. 
Oughierson, Ay Wie Srasecc fees ee tee coe -cs oe cea oa eee Yale Univ. 
Pack, George i. puesto nes er eee ee Memorial Hosp., N. Y. City 

Paces irvinetH oer ee ere Rockefeller Inst., N. Y. City 
Pak nub yiie si. ons eee eee Lester Inst. Med. Research, Shanghai 
Palmer, Ueroy Sess ee eee eee Univ. of Minnesota 
Palmer, (Wi) 0s. 220 e002 8 oe ee Univ. of Chicago 
Palm erys Wes Wo cee eee een ee Presbyterian Hospital, N. Y. City 
Papanicoldou, GeorgeNn ssa ee Cornell Univ. Medical Coll. 
Pappenhenmer, A.M. e055 ee ee) ee Columbia Univ. 
Park, 004A Soe ee ee en ee ee Johns Hopkins Univ. 
Park Williams bent eee egress as an Dept. of Health, N. Y. City 
Parker; George: Hy 2n.cseas ier ans nee Harvard Univ. 
Parr, hy We toot Gan ee eee te ee George Washington Univ. 
Parsons,” Helen is. acc eres ee eee Cee eee Uniy. of Wisconsin 
Patterson, Thongs 1.72.00 eet ee Wayne Univ. 
Paul, AUB Seite BSB ee serrata a ten aes er State Univ. of Iowa 
Pearce, "Louise: 120.3 Gina ss acess een eens Rockefeller Inst. 
Pearl, Raymond "ces tes eee ee Johns Hopkins Univ. 
Pearse; ilerman ‘Hy, 0 er ee ee Univ. of Rochester 


Pease, Marshall’Cs 30 ee ee ee N. Y. Post-Graduate Med. 
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Bebe eS akne) IM. ee ore Ae 8 lc oh Mt. Sinai Hosp. N. Y. City 
LESUTITS UOT ENTS | Sst af a ae de aeRO OTE N. Y. Univ. Medical Coll. 
eminerrons Pte DR 42 ok ee ek Memorial Hospital, Abington, Pa. 
NA Ce a acne Univ. of California 
LP ELT G in NG GSCI 8 SO Sea eee aed en SRO en IED oe 0 MeGill Univ. 
LEO E/ Se GS IT Se Sy og en a ee Univ. of Pennsylvania 
VME CS 1 IYI 7 (US er ee ee et Pe eee Montefiore Hospital, N. Y. City 
eel ere RV ANTLGTA Ay 2. 2055, 8a rien tat Se il eee Duke Univ. 
Premieres award. bein oe ene Oe Mercy Hospital, Pittsburgh 
PES 05 DOTTY (71 Ee eel ee Re ee > ae Cleveland, Ohio 
TALES USS, SENT: it aR ice ee Se eh ee EER aga gc ae Yale Univ. 
UELURSSS SV YIELY nee ee ORrnomeceh ot a ena > met Univ. of Minnesota 
SLE AE SU Ly Coe 205 at ey tr OE IE Trudeau, N. Y. 
[ho Sotho RS, ile A SR ant Johns Hopkins Univ. 
SEESEMELSURO Tse diate) rage eee en ee toe Ne oe Ue SUL es Parke, Davis and Co., Detroit 
MRICS CT scree! ats Sy be) oO A epee aa Univ. of Chicago 
[Peful [NEGA Ee) O80 1 2 ES cl i ee Cornell Medical Coll. 
Ie ga aa ea ee ee ee HA cen one se a | Univ. of Rochester 
VET EY Bi SO Ne ee nee Pee Univ. of Illinois Med. 
| TES Ph a2 § De fy ee ey eR, ee Harvard Med. 
LPS TTR BSS SS gn ee eee Me ek OTe Ithaca, N. Y. 
RET SA od AG: Lit lee en a A ee Dn ecm ee Univ. of Iowa 
TRUBS UE, TI) 5 Sse ee Pcie eee ON rr cer Univ. of Iowa 
CAL LES re eae ee ee ee a eae eee ee Pasteur Inst., Paris 
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eee Ce EMR MOLI STN 5-052 18 apr sRlan tt ccc Nar nced< Pendle she sancvtasesvbnevstonecs Boston Univ. 
| PURSUING OYS(0y 0) 61d Ug eg an en a ee pei eee Re Tufts Med. 
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Boieda, OA TG bd ee cs tahoe cca aac ee ee eee Johns Hopkins Univ. 
Richards, cAlired: Nig 202 Sccsesccster oe eencs aces ore eres wets Univ. of Pennsylvania 
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DAC) CCH 6 LO cB tne pt aR aOR coa Prue ie per SAMEA Ea a Dect Univ. of Pennsylvania 
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Ravers ol homas. DU: 25a eet a tet en ee Rockefeller Inst. 
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Rogers Wed: lr aco. cote re Se ae MART Sik dati y Se Baylor Univ. 
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Rose, Walia (Ooo aie ese ee Univ. of Illinois 
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LEVITT ECS RES celine Rockefeller Inst. 
IPR Oe Die Gye Oe 0 ea Philadelphia Inst. for Medical Research 
STEREO] 21 2 ap REE Ret AiO SPN Hunter College, N. Y. 
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BN ave EV OUA VAIN 5 28 See esc ses orn ge naevsmenccaesgeentisenise U. S. Dept. of Agriculture 
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uate. LESS Re TEs ee eto Ra ne ere pee eae Univ. of Oregon 
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eile ee MA CO aes to eee an ech st a abdencterasnemscsterscnetoodensandasdstetvasenennresdsirtaainaee St. Louis, Univ. 
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Sia, Richard EP. ee eer eer Peiping Union Medical Coll. 
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Silberberg, “Waa tan cosa: ce seco times. oe eveec ae eee Washington Univ. 
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reiatGh pra 10, MO eee ieee ee cee et ee ee Rockefeller Inst. 
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Sommer, Plermvann Po eel ee eer ee Univ. of California 
Bomow yi,, Wile tie) [rez re sy cereene cts erie eee Jewish Hospital, St. Louis, Mo. 
Soskin, Samed nec oseccs sees se eee teers ee Michael Reese Hospital, Chicago 
S00) top) gle Wile rae ie eee Ee SEE scarey Seu se Univ. of Michigan 
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SONS 11 1 Oo, cae tee Ge ee ween 2 ee eee EP arr Cincinnati General Hospital 
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Sr SJE SE 1010) 8 Lees i oe eee nee Rumen eeS art ae Duke Hospital, No. Carolina 
SST eG OE coe a ane Cornell Univ. Medical Coll. 
Sie Creo Ue ey cee ne ee een ne NOMS err ere Corneli Univ. 
OLN) dy TUE a ak See nc Homeopathic Medical! Coll., N. Y. City 
nema ye ps Dare). -stec eet ess eel acccecy! Agri. Exp. Station, New Brunswick, N. J. 
oie heat | Be Occ a en ee oe een Northwestern Univ. Med. 
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TEE OTS NE 2 RAS ls OM ae ee SUR Stanford Univ. Med. 
Pe ene SR A URIGER NO Sri 5 seins eas accede aR ee ows Univ. of Minnesota 
Diedidvss, (Cal Real at BUR oa oa al ee ene ee ee ee ee eee Stanford Univ. 
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SLEEP I pobre I Re pen OEE ORR eee Univ. of Michigan 
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She SA es eo 82 Is oP Univ. of California 
SO UES Ea oie Santen) oe ae peer ne or en, Pn e PERT es Univ. of Arkansas 
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Verder, Hliza bet ec aon ate ee National Inst. of Health, Washington 
Vickery, 15 Ip 5 Seema peer BOAO wee tn ec thy 8) Conn. Agr. Exp. Station 
Victor, JOSEP ca eae fe ee ee Coll. of Physicians and Surgeons 
Visscher, id or 8] Meena ARE Lede Te i eal toc. ee 9 o. Western Reserve Univ. 
Visscher, Manrice(B).. 2-012; n eee Univ sofiMinnesots 


Voegtliny Carl Seirus ee National Inst. of Health, Washington, D. C. 
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ES Gg DU ee ae St. Luke’s Hospital, N. Y. City 
A Cire S RES OA & USCS She care ae ee a La. State Univ. Medical Center 
EO CS UES RCO a ee or eee Ooo ec ee eT a Wilmington, Del. 
Wadsworth, BACT dig 1 AN 3 ekemeane ks emery mead N. Y. State Dept. of Health 

\SUSS gi SS IE aaa ace ot Ra eee cr ee es Univ. of Louisville 
WV CHICO TNEL ET NS eA ose Sette tanec ce encour ete N. J. State Agr. Exp. Station 
ESS 3 a0 VE Ee SS nae me Ra A eee ee Northwestern Univ. 
MOS Lea LPS 8 CERN Sor 0k eee eae hc ne Univ. of California 
WU CRUE COORG) ESE ct So oases ac cts araietpetc ances sot ceeoeaétenes N. Y. Univ. Medical Coll. 
AANASUIDEN OL TAPER cet sie ea ere Pai ee Univ. of Colorado 
EE ite Creee EVAN CG oo ac chp i aise Apa cen os ce oe aces Leena eee St. Louis Univ. 
ue oie nul SRS A SA MSC eae SESS eee MPMI LF Tulane Univ. 
a SUR MIU INO WY coe om lees ieee aduaieact Sa centelecadaus Brooklyn Jewish Hospital 
Mi Ee As 8 SY 0 PARE SSR ea nce ea ee aS ee Children’s Hospital, Cincinnati 
VS SSS 65 Tee UVC IB ae wniaiecee alte Se cane Se eee Ean ini pee es Univ. of Minnesota 
AWictisceriems DiGi cps mer meret sc. ths eee ele 2s tele ee ee Harvard Med. 
VSS oN gS 0 a ieee ee eee ee pene emer ee ne Univ. of Toronto 
Uy Cee eg aS 8 Sd RE 9 52 Sen Senet oe eae mee Lakeside Hospital, Cleveland, Ohio 
IWRC E SUR LARC TROON traces heer e atone Secs nade naasatcc cates ee Univ. of Kansas Med. 
A WMCUNE | a0 62 gL ee oe nate oe ee eRe Cornell Univ. Medieal Coll. 
Vics A EAS at ae ee oe ae Presbyterian Hospital, N. Y. City 
BUNTON oN cag Se oa src whan don soe eR RS suas Rockefeller Inst. 
SINGER Re We EME NE Sees oes Sy costs woul decastdoyesonctse eae aan Univ. of Rochester 
UV feciruewe ASE T1@ | CN Gpsremene See 2 eee te rte tetce. oot hoe te eects eee Los Angeles, Calif. 
NAY YE Oc Jas a es 2 a Coll. of Physicians and Surgeons 
\Av Gb, see yy B OE a 228 ae eae a ae a ie ee ir OR en Northwestern Univ. 
VES ST 2 Were, 0g © Age eee nn Ss econ Syracuse, Univ. 
WWW EESL (CU neg LSI. ac a a ee pe ee eee Mt. Zion Hospital, San Francisco 
AUSSI M0 i ea Oo ae Univ. of Illinois Med. 
REN Se 18 © Si tea pee oe ee ety ee ER i Foe a Ne ee Columbia Univ. 
Bese NUNN ge si ece eset ania on eaicawn cues cv oncervasnccteonasevazesabanaGonsegs Univ. of Chicago 
SNe Eesele MOO TLIAL cg ROSE AT RE ace oy os oP vaca cyan cs oinbed eshte aS atp ce tnbabegles Boston City Hospital 
Ve Lbeetre) ira etn Lopes ee me als cet ts Saree Pt ant a IR ete in tes en oce see ano Columbia Univ. 
"SLRS ee i WB escape ccna Bs ne a PPR ca Uniy. of Illinois Medical Coll. 
UE SRG ad RIOR Se Re ses ee se ee OPTED, (PER ee OE Univ. of Michigan 
CASE 00 RRR a cereal a aE FOR ROE aE EORTE. eer Peiping Union Medical Coll. 
Sire rarveaerm VY LULPAIN EN 7 te acpenoee eaten ese taeianee toy pnJansie cvorn-uase Washington Univ. Med. 
URS NERS GOS oad Beek P8ne, eae ee Per Ree ne PRO E er oe Iowa State Coll. 
BV es pe EA WV LIAL Oh eee nscale war ah cna oa SbachlonmsttiXBare Cus bveda ode Univ. of Oregon Med. 
BVieety MOAINO OM Race a oosan soiree cee beccccacesnates Presbyterian Hospital, N. Y. City 
Vy eiattac IN bay COE Will Oe ee sk aa peers ee ear eee ene er Western Reserve Univ. 
Ny Ge ryabat co tHE Eo RecA RC WW aac cecs vy seactes tas ay odec ann 2 ners eloratved temxescdicetiren sone Stanford Univ. 
EVV ee eT MLV. 9 WV cic cca so aceete cs ee ons s2aac, cczasanusrasanntiociea N. Y. State Dept. of Health 
DV VPEV OTN SRT COTE: Tote 288 cs ta crates aensaradeteneaaaylact ho cacbnndreaiavestZizenieet Univ. of Rochester 
“ER Gl G78 LID OI ye nk deere rm Avner pier eae once eC eeoprE ermep once Stanford Univ. 
BUY Te Ge OTN caso seve devas cnr tenaasatcnntdandin-chensencenvecesseaisotrsnes Yale Univ. 
Wee. Dela 196 castes reer nee amesieeey renee crepe eel teen ee rar Cpe or eecrcPePpenneg Washington Univ. 
GUY TUM AaMecE Cl ARTO MALU WMie acentaersenet- di noq-aaenersdslcernceacaazacneabecencaae-soed Univ. of Colorado 


NUS a1 Pe EEG Be ace Rees Maia shane eae Benny east mnenorove see) pyran saree Uniy. of Nebraska 


904 Mempsers’ List (ALPHABETICAL) 


Watbe, A. Feo .:222.25 ee Sire eee reee nce eee eee Huntsville, Texas 
Wiggers, Carl Ji... 5. itaectgtseenses nag sees fe tametet nese eter acca aesenanre Western Reserve Univ. 
Wilhelmny[C. M0 .csccceceaee tices sc acteepeeeeeme cae ee tance eee oars Creighton Univ. Med. 
Williams, Horatio Bi tiii.cccte.cscsc.cecseeeeteemereescoe- ew tener een Columbia Univ. 
Williamd, J: Rua eue ee os ee Highland Hospital, Rochester, N. Y. 
Williams. Jolin W istvsevyscecns tee aeee, epee Massachusetts Inst. of Technology 
Williams, Robert R. ....... SPE Bn. |1A eee eet. Western Electric Company 
Willie; | Beerny arming ces esse enue teen art om iec eps narra cee Univ. of Rochester 
Wallac; slerirsy: (Sa eeeee ee cere eee Maybury Sanitarium, Northville, Mich. 
Woilsorn 0.2 Wx see. ccc ewect ua eect ae endl eee tocar Univ. of Pennsylvania 
Willsorriy Fre nln iN oes socccoee ent nee cas ae Univ. of Michigan 
Willson,” Dames” Ris eecap-vyee coon cuctoect ae eeeeee tons nocats aaa eee Syracuse, N. Y. 
Wilson SFG 0G PA ecto eas U.S. Dept. of Agriculture 
Weamslow; ©.- HIP A (2 5g acre aciccet preteen carters een Yale Univ. 
Winternitz, -MaltomnC.1.c2gee eset ieee ee cna Sescestetecssteecmensees coe eee Yale Unity. 
Wras@miainnys 5 IC 205 ccc scott ce pesca get ee Ohio State Univ. 
Wate br skegty UGS Tot ced cteache nectar oo ae Buffalo General Hospital 
"Witenes Hoarty Se ei ees ado acters re ara ee em State Univ. of Iowa 
Wrtzemiamm: Hid cari) genre. Cree eee ces eran eee Univ. of Wisconsin 
Bsirayed Con say Nelo Uke Mien A reece er pecs Reem ee Shree FER enter ee ch! Columbia Univ. 
Wiollo tele S255 yarece eee Bee eee ee es eee ne Harvard Univ. 
Wolke, iJ. )58 20s BS 0 ee ee ee ee Albany Medical Coll. 
‘Wooo d Hirani ss C5, <.c.2 ences 0 eee 0 te Columbia Univ. 
Wood arta Diy Vie gseo se ge. sce cree eters eae a ee Yale Univ. 
s Warren an Ve a ocean ee eco Albany Medical Coll. 
Wartelits, Elaroldic Ni jew, ek < SUR best ee an ener Univ. of Minnesota 
Wiesel seligyitae rte hate pee ee eee Cornell Univ. Medical Coll. 
Wat sD Seri saae™ oes foe ee) lee anes eae en, Peiping Union Medical Coll. 
Whulzenye hose lim fees es. seer ee ee one ees rere nar Oregon State Coll. 
"Wayce othr) Wiss Gisgtet Seacoast ee eee ae eee Rockefeller Inst. 
Vatu, INGO UL G5 AS Se ce eee eee Zoological Inst., Tokyo, Japan 
Moeare ry pols i cts fae eee oc, Ae Beltsville, Md. 
Werkes fo bert Me) i: 5. acs caok nectar este eeoascotan es anes fee eee Yale Univ. 
Youland, William, Re, tT. ..st tree. or Se ee N. Y. Medical Coll. 
NOIR OC eed la oh ene ee mg rees 0 eee et Dept. of Health, Mich. 
BY connie VNaul 2x (Gage ee eo Univ. of California, Los Angeles 
Young ure) Guy Mio te Ae cs eee ee Univ. of Buffalo Med. 
Mudkcins Athi. 5 oh concoct ees eco ceataed a cae ee Yale Univ. 
at Rae Wit c Re ates Smee aMis Oh oe penne PONS, Indianapolis City Hospital 
Lila uO atht pense Atenas 1 a Oe roe ees, Peiping Union Medical Coll. 
Zimmeriman,. Harry Mi) 6.5 ices ce cet ee ce Yale Univ. 
Admeser: Hansrsct. ofthe OPC Ae oo eek) eee os ee Harvard Univ. 
ASBelL. Clade, Maer ts eres Seripps Institution, La Jolla, Calif. 
Zondek,) Bernhard 44.) cs acces te ee eee Jerusalem, Palestine 
LOD B LDOSE sion eck ah eee ace eerie eee Gladwyne, Pa. 
Zucker, Vheodoves El. c.:20) cnc ee ee ee Columbia Univ. 
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New York Society 


Greater New York 

Carnegie Institute—Bates R. W., Blakeslee A. F., Davenport C. B., 
Laughlin H. H., MacDowell E. C., Ponder E., Riddle O. 

College of the City of New York—Dawson J. A., Goldforb A. J., Har- 
row B. 

Columbia University—Barth L. G., Calkins G. N., Coulter C. B., Dunn 
L. C., Eddy W. H., Freeman R. G., Jr., Gregory L. H., Heft H. L., Lance- 
field D. E., MacLeod G., Sherman H. C., Rose M. S., Woglom W. H., Wood 
H.C: 

Columbia University, College of Physicians and Surgeons and Allied 
Hospitals—Abramson H. A., Andersen D. H., Atchley D. W., Barach A. L., 
Bauman L., Berg B. N., Boots R. H., Chargaff E., Clark A. R., Clarke H. T., 
Copenhaver W. M., Dawson M. H., Detwiler 8. R., Dochez A. R., Draper G., 
Elsberg C. A., Engle E. T., Flinn F. B., Foster G. L., Gay F. P., Geyelin 
H. R., Gies W. J., Goettsch E., Goss C. M., Gutman A. B., Hanger F. M., Jr., 
Heidelberger M., Hopkins J. G., Jobling J. W., Jungeblut C., Kesten H. D., 
Kurzrok R., Ladd W. S., Lee F. S., Levy R. L., Lieb C. C., Loeb R. F., 
McIntosh R., Meleney F. L., Meyer K., Miller E. G., Jr., Mulinos M. G., 
Myers C. N., Olmstead M. P., Oppenheimer B. S., Ornstein G. G., Palmer 
W. W., Pappenheimer A. M., Richter M., Scott E. L., Seegal B. C., Sever- 
inghaus A. E., Sittenfield M. J., Smetana H., Smith P. E., Sperry W., Stein- 
bach M. M., Thomas A. W., Thompson R., Turner K. B., Victor J., Webster 
J. P., Weech, A. A., Weiss H., Weld J. T., West R., Williams H. B., Woll- 
stein M., Zucker T. F., Zwemer R. L. 

Cornell University Medical College—Bagg H. J., Behre J. A., Blau N., 
Cattell M., Cecil R. L., Chambers W. H., DuBois E. F., Edwards D. J., Elser 
W. J., Ewing J., Freund J., Fry H. J., Furth J., Gold H., Hatcher R. A., 
Hinsey J. C., Hannon R. R., Jackson R. W., Kahn M. C., Levine S. Z., Loebel 
R. O., Marmorsten J., Miles W. L., Milhorat A. T., Moore R. A., Nicholls 
BE. E., Opie E. L., Papanicolaou G. N., Phillips R. A., Pollack H., Reznikoff 
P., Richardson H. B., Robinson G. C., Schloss O. M., Shorr E., Smith C. H., 
Stainsby W. J., Stewart H. J., Stillman R. G., Stockard C. R., Sweet J. E., 
Thro W. C., Torrey J. C., Webster B., Wright I. S. 

Montefiore Hospital—Baumann EH. J., Levine M., Marine D., Perla D., 
Ringer A. L., Ringer M., Sandberg M. 

Mt. Sinai Hospital—Baehr G., Crohn B. B., Epstein A. A., Frank R. T., 
Geist S. H., Gross L., Hollander F., Karelitz 8., Kohn J. L., Ottenberg R., 
Rothschild M. A., Schick B., Shwartzman G., Sobotka H. H. 

New York Medical College—Allen Ezra, Coombs H. C., Cope O. M., 
Danzer C. S., Kleiner I. S., Stark M. B., Tauber H., Thoraldsen C. E., You- 
land W. E. 
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New York University and Bellevue Medical College—Bakwin H., Barber 
W. H., Bodo R., Brooks H., Cannan R. K., Chambers R.., Charipper H. A., 
Col aman we Cina eis DeGraff iA: Cr Risherg isl, lohy "Falk Kea Gs Gan 
R., Gettler i OF Goldfelder A, Galdving W., Ghoawald I., Helff O. M., 
Howiend Rab. Toles INy Jilly Falk KG; ia M., Mandel i 1 Rie Neuen 
I., Noble W. C., Jr., Otto i. L., Park W. Jal, Pack Sone pallins es 
Ralli 1D, 1B, Reener B., Saslow G., Senior H. D., Shannon if A., Smith H. 
W., Senntcard leh, We Symunees iD}, Wallace G. B. 

New York Post- GPanate Medical School—Bailey C. V., Bruger M., Cohn 
M., Chace A. F., Crampton C. W., Halsey R. H., Kast L., Katayama i Kil- 
han J. A., MacNeal W. J., Mosenthal Tak, Oy. Marshall Cs ae 

Princeton University—Conklin E. G., Harvey E. N., Swingle W. W. 

Rockefeller Institute—Amoss H. L., Anson M. L., Avery O. T., Baker 
L. E., Bauer J. H., Beard J. W., Bergmann M., Binger C. A. L., Brown 
W. H., Claude A., Cohn A. E., Cole R., Duran-Reynals F., Flexner S., Flor- 
ence L., Francis T., Jr., Goodner K., Greene H. S. N., Hughes T. P., Irwin 
M., Jacobs W. A., Kunitz M., Landsteiner K., Levene P. A., Lynch C. J., 
MacMaster P. D., Michaelis L., Mirsky A. E., Murphy J. B., Murray H. A., 
Jr., Northrop J. H., Olitsky P. K., Osterhout W. J. V., Page I. H., Pearce L., 
Rhoads C. P., Rivers T. M., Rous P., Sabin F. R., Seastone C. V., Shope R. 
K., Smithburn K. C., Steele J. M., Swift H. F., Ten Broeck C., VanSlyke D. 
D., Webster L. T., Wyckoff R. W. G. 

Rutgers University—Anderson J. F., Cole W. H., Murray T. J., Nelson 
T. C., Starkey R. L., Waksman S. A. 


Yale University—Allen E., Anderson R. J., Anderson W. E., Baitsell 
G. A., Barbour H. G., Bayne-Jones S., Blake F. G., Burr H. S., Chittenden 
R. H., Cowgill G. R., Cushing H. W., Dusser de Barenne J. G., Fulton J. F., 
Gardner, W. U., Gilman A., Goodman L., Harrison R. G., Harvey S. C., 
Hussey R., Johnson T. B., Mendel L. B., Miles W. R., Morse, A., Nicholas 
J. S., Orten J. M., Oughterson A. W., Peters J. P., Powers G. F., Rettger 
L, F., Rosahn P. D., Smith A. H., Smith P. K., Stone L. S., White A., 
Winslow C.-E. A., Winternitz M. C., Woodruff L. L., Yerkes R. M., Yudkin 
A. M., Zimmerman H. M. 

Miscellaneous—Barlow O. W., Berg W. N., Blair J. E., Blatherwick 
N.R., Block R. J., Bernhard A., Bodansky A., Brand E., Brodie M., Brown 
R., Bullowa J. G. M., Byrne J., Cerecedo L. R., Cheney R. H., Clark G. W., 
Chen HACE Cope al L. T., Collens W. S., Ore MER ‘Dakin 18, 10), 
Downes H. se Dubin H. E., eter AT AL. Hamulenen L. W., Ferraro A., 
Field C. W., Tenors EK. H, Frankel F. Hl; Freedman L., Beye: C. S., 
Garbat A. L., Gardner L. U., cae ES s Coldhers Seeley Golinicod A. A, 
Greene C. H, lslenarg JL, IP. Hanes ReGe Taw eb Henshaw) Ss are. 
wich H. ., Hooper C. W., Huntoon F. Whe, Jason V. C., Jaffe H. Ie 
Korkbride M. Be inangoia A., Koch M. oO Kopeloff N., Kramer B., 
Kramer S. D., repens 1B. Kuscimmast IESNS Kut ARIGe ee R. A., 
Landis C., idemera C28; Teoaard Sons iu Te Terinas Pe Lichtenerarn 
L., Loewe S., MeIver M. N Mackenzie G. M., Maltaner E. J., SMaltanee 1 
Mann laly. Master A. M., Medlar EK. M. - Meyer Al E., Millet J. "A. Be Micky 
AS SH Morrell J. A., Muckenfuss R. S., Noble G. K., Jr, Obresh- 
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kove V., Oliver J., Oliver W. W., Pack G. T., Petroff S. A., Prince A. Ibe, 
Quinn E. J., Ray G. B., Reiner L., Reynolds S. R. M., Richards L. B., Rizzolo 
A., Rohdenburg G. L., Rose A. R., Rosenthal L., Ross V., Rugh, R., Russell 
W. C., Salant W., Sawyer W. A., Schneider E. C., Schultz W. H., Schwind 
J. L., Sharlit H., Shelling D. H., Sherwin C. P., Sickles G. M., Smith C. A., 
Stekol J. A., Stucky C. J., Sugiura K., Thalhimer W., Tolstoi E., Vickery 
H. B., Vogel K. M., Wadsworth A. B., Walzer M., Wheeler M. W., Williams 
R. R., Wolfe J. M., Wright A. W. 


Outside Greater New York 

Arkansas—Sure B. 

Colorado—Boissevain C. H., Corper H. J., D’Amour F. E., Draper 
W. B., Gustavson R. G., Hill R. M., Huddleston O. L., Wallin I. E., White- 
head R. H. 

Delaware—von Oettingen W. F. 

Florida—Coghill, G. E. 

Georgia—Briggs A. P., Lamar R. V. 

Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Cox 
W. M., Jr., Helmer O. M., Powell H. M., Zerfas L. G. 

Kansas—Weber C. J. 

Kentucky—Brown L. A., Knoefel P. K., Wakerlin G. E. 

Maine—Little C. C., Morse T. S. 

Maryland—Johns Hopkins University—Abel J. J., Brown J. H., Buell 
Mary V., Burky E. L., Carter E. P., Cohen B., Eastman N. J., Ellsworth 
R. M., Firor W. M., Geiling E. M. K., Harrop G. A., Holt L. E., Jr., Jen- 
nings H. S., Jensen H. F., Katzenelbogen S., Lee F. C., Leonard V., Long 
P. H., Longeope W. T., McCollum E. V., Macht D. I., Marshall E. K., Jr., 
Marshall W. H., Martin L., Meyer A., Orent E., Park E. A., Pearl R., Pfeiffer 
J. A., Rich A. R., Snyder F. F. 

Miscellaneous—Figge F. H. J., Frobisher M., Jr., Hartman, C. G., 
Krantz J. C., Jr., Root W. S., Uhlenhuth E., Yeager J. F. 

Massachusetts—Boston City Hospital—Keefer C. S., Mallory F. B., 
Nye R. N., Minot G. R., Weiss S. 

Harvard University—Aub J. C., Blackfan K. D., Blumgart H. L., 
Cannon W. B., Christian H. A., Cutler E. C., Derick C. L., Ferry R. M., 
Fitz R., Forbes H., Gamble J. L., Hastings A. B., Hisaw F. L., Hunt R., 
Jackson H., Jr., Joslin E. P., Lee M. O., Menkin V., Mueller J. H., Parker 
G. H., Pinkerton H., Quinby W. C., Shear M. J., Shohl A. T., Stiles P. G., 
Strong R. P., Warren S., Wolbach S. B., Zinsser H. 

Miscellaneous—Adams A. E., Altschule M. D., Belding D. L., Cole E. C., 
Dienes L., Dresbach M., Gilligan D. R., Glaser O. C., Hooker S. B., Looney 
J. M., Mitchell H. S., Muller G. L., Pratt F. H., Pratt J. H., Rapport D., 
Robinson E. S., Schlesinger M. J., Simmons, J. 8., Smith G. V., Smith M., 
Williams J. W. 

Michigan—University of Michigan—Bean J. W., Bernthal T. G., Bunt- 
ing R. W., Christman A. A., Cowie D. W., Eckstein H. C., Edmunds C. W., 
Gesell R., Huber G: C., Isaacs R., Kahn R. L., Lewis H. B., Nelson E. E., 
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Newburgh L. H., Nicholson H. C., Novy F. G., Nungester W.., Roseboom 
B. B., Soule M. H., Sturgis C. C., Weller C. V., Wilson F. N. 

Miscellaneous—Brodie M., Fine W. S., Gaebler O. H., Hartman F. W., 
Hunscher H. A.. Kamm O., Larkum N. W., Larson J. A., MeGinty D. A., 
Mallman W. L., Meyer R. K., Nelson W. O., Norton J. F., Patterson T. L., 
Pfiffner J. J., Sahyun M., Shiple G. J., Willis H. S., Young C. C. 

Montana—Cox H. R. 

Nebraska—Guenther A. E., Hill F. C., Levine V. E., Morgulis S., Pohl- 
man A. G., Wilhelmj C. J., Wible C. L. 

North Carolina—MacNider W. deB., Perlzweig W. A., Sprunt D. H., 
Swett F. H. 

Ohio—University of Cincinnati—Fisher M. H., Jackson D. E., Mills 
C. A., Shiro T. 

Ohio State University—Brown J. B., Curtis G. M., Doan C. A., Durrant 
E. P., Hartman F. A., Haterius H. O., Hitchcock F. A., Hudson N. P., 
Lyman J. F., Wiseman B. K. 

Miscellaneous—Collier W. D., Cullen G. E., Mirsky I. A., Peskind S., 
Spies T. D., Steinberg B., Wang C. C. 

Oklahoma—HEverett M. R., Hellbaum, A. A. 

Oregon—Allen W. F., Burget G. E., Hunter W. C., Larsell O., Manville 
F. A., Moore A. R., Moore M. M., Osgood EH. E., Sears H. J., West E. S., 
Williams, R. J., Wulzen R. 

Pennsylvania—University of Pennsylvania—Aronson J. D., Austin 
J. H., Bazett H. C., Bronk D. W., DeRenyi G. S., Drabkin D. L., Friedman 
M. H., Goldschmidt $., Heilbrunn L. V., Hober R., Jacobs M. H., Jonas L., 
Kolmer J. A., Krumbhaar E. B., Long C. N. H., Long E. R., Lucke B., Lurie 
M. B., MeCutcheon M., Mudd S., Murphy D. P., Pepper O. H. P., Raiziss 
G. W., Ravdin I. S., Reimann S. P., Richards A. N., Richardson R., Schmidt 
C. F., Vars H. M., Wilson D. W. 

University of Pittsburgh—Donaldson J. C., Guthrie C. G., Haythorn S., 
Hooker D., Kruse T. K., MeEachern D., McEllroy W. S., McMeans J. M., 
Menten M. L., Permar H. H., Ray H. M., Richey D. G. 

Miscellaneows—Bergey D. H., Beutner R., Collins H. H., Donaldson 
H. H., Dutcher R. A., Githens T. 8., Glick D., Greisheimer E., Gruber C. M., 
Guerrant N. B., Hadley P., Hafkesbring H. R., Harned B. K., Hoffmann 
G. L., King H. D., Kriss M., Larson E., Locke A. P., Marsh R. P., Medes G., 
Mellon R. R., Michels N. A., Moon V. H., Pemberton R., Reimann H. A., 
Rowntree L. G., Seibert F. B., Smith, L. W., Spiegel E., Spiegel Adolf M., 
Thomas J. E., Tocantins L. M., Zozaya J. 

Rhode Island—Banta A. M., Stuart C. A. 

South Carolina—Tauber H. 


Tennessee—Amberson W. R., Burch J. C., Cunningham R. S., Garrey 
W. E., Gibbs O. S., Johlin J. M., Lamson P. D., Mason R. E., Robinson C. S., 
Terry Bi. 15 Turnereiissd:. 


Texas—Bodansky M., Dawson W. T., Hartman C., Hendrix B. M., Herr- 
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hormone, renal excretion, 361. 
hypophysectomy, 335. 
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Colon group, metabolites, growth, 274, 
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Cornea, antibody formation, 179. 
Cortin, nitrogen, 665. 
Cystine, blood, 487. 
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Encephalomalacia, Vitamin B4 deficiency, 129, 
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Endamoeba histolytica, cysts, 266. 
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quantitative estimation, 441. 


920 


Erythrocyte count, 411. 
preservation, 234. 
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Exercise, blood oxygen, 9. 

Exophthalmos, experimental, 604. 

Eye muscle, innervation, 576. 


Fat, blood, 853. 

low diet, 281. 
Fatty acids, iodine number, 723. 
Fibrinolysin production, streptococci, 1. 
Flavin phosphate, adrenalectomy, 187. 
Freezing, neoplasms, 220. 
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Galactin, pituitary, 283. 
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Gastric achylia, Vitamin Beg, 429. 
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Glucose, ant. pituitary, 346. 
l-phosphoric acid, muscle, 119. 
tolerance, hypophysectomy, 802. 

Glycemia, hypo-, anoxemia, 92. 
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Glycogen, precipitin tests, 511. 

Gonads, transplantation, 632. 
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lactic acid bacteria, 217. . 
ovariectomy, 144. 
rates, feathers, 777. 


H ion, cerebral cortex, 462. 
Heart, Q-factor, body segments, 543. 
ventricular fibrillation, 634. 
Hemoglobin, amino acid, 629. 
Hemophilia, trypsin, 494. 
Hepatic circulation time, 573. 
duct, cholecystectomy, 89. 
excretion, bile acid, 50. 
Hormone 
Androgenic sterols, 337. 
substances, 823, 
Estrogen, urinary, 123, 
potency, urine, 460. 
substance, Lebistes reticulatus, 416. 
substance, transmission, 122. 
Estrone, menstrual cycle, 496. 
Estrous cycle, urine, 481. 
Goitrogenic effect, dietary fat, 737. 
Gonadotropic, anti-, factor, 708, 712. 
hormone, 609. 
hormone, hypophysis, 647. 
hormone, reticulo-endothelial system, 
484, 
Hypophysectomy, adrenals, 335. 
glucose tolerance, 802. 
insulin response, diet, 804. 
lactic acid, 540. 
mammary gland, 286, 
oestrogenic treatment, 287. 
supraoptic nucleus, 729. 
Hyporhy ==, gonad stimulation, copper, 


gonadotropic hormone, 647. 
prolactin-like reaction, 517. 
thyroid, liver, 784. 
Male sex, 465, 524, 763. 
Oestrin, uterine distention, 453, 
Oestrogenic treatment, hypophysectomy, 
Oestrone, reproductive organs, thyroid, 
Oestrous cycle, cortico-adrenal extract, 41. 
androsterone, testosterone, 205. 
Pituitary, adrenals, lactation, 136. 
adrenotropic principle, 78. 
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ant., extract, 622. 
ant., glucose, 346. 
ant., spermatozoa, 418. 
ant., sugar, glycerin, urea, 250. 
ant., testosterone, 307. 
galactin, 283. 
hebin, reproduction, 766. 
testosterone, mammary gland, 213, 
Pituitrin, metabolism, 103. 
Progesterone, castration, 840. 
uterine epithelium, 190. 
Progestin, estrin, 508. 
uterine distention, 455. 
Prolactin, hypophysectomy, 408. 
Sex, adrenotropic extract, 703. 
Testosterone, ant. pituitary, 307. 
lactation, 153. 
somatic growth, 390. 
Theelin, 322. 
Thevetin, 33. 
Thyroid, amylase, 843. 
hyper, choline-esterase 
sera, 46. 
hypophysis, liver, 784. 
liver damage, 491. 
liver extract, 255. 
metabolism, 512. 
temperature, 856. 
testes, 782. 
Thyroidectomy, diabetes, 448. 
Polycythemia vera, 353. 
Thyro-parathyroidectomy, pregnancy, 188. 
Thyroxine, galactin, lactation, hypo- 
physectomy, 80. 
metamorphosis, 348, 
Hypertension, arteries, 675. 
renal oxygen utilization, 819. 
Hypospadias, 503. 


activity of 


Immunology, bacteria, 245. 
Indol, blood, 652. 
Inflammation, capillary permeability, 164. 
Insulin, alum-precipitated, 474. 
assay, 399. 
interfacial adsorption, 523. 
response, diet, hypophysectomy, 804. 
shock, 515. 
Inulin, pyrogenic, 227. 
Intestinal loop, sodium, 201. 
motility, morphine sulphate, 506 
obstruction, adrenal cortex, 549. 
iron absorption, 694. 


Jaundice, blood heparin, 176. 


Kala-azar, leucolysin, 334. 
Ketone bodies, ketosis, 350. 
Kidney blood flow, 27. 
blood flow, nephrectomy, 196. 
excretion, adrenal cortical hormone, 361. 
nephritis, diet, 472. 
reflex, splanchnic nerve, 619. 


Lactation, hypophysectomy, thyroxine, 80. 
ovulation, 356. 
“, testosterone, 153. 
actic acid, hypophysectomy, 540. 
Dead, dict 74ah, ade a 
Leucocytosis, parturition, 300. 
Linolic acid, blood serum, 113. 
Lipase action, saponin, 290, 
Liver albumin, 320. 
bile, 688. 
damage, thyroid, 491. 
extract, reticulocytosis, 657. 
extract, thyroid, 255. 
fraction, necrosis, chloroform, 359. 
sodium-d-lactate, 692 
L-organism of Klieneberger, 740. 
Louse, chilling, 324, 
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Pere Sc notices inguinale, brain antigen, 
269. 


Lymphoid cells, radiation, 599. 
x-ray, 597 


Mammary gland, hypophysectomy, 286. 
Meningitis, sulfanilamide, 682. 
Menstruation, ovaries, adrenals, 162. 
Metabolism, anesthesia, 377. 
basal, air, 444. 
basal, apparatus, 138. 
fat, 726. 
muscular dystrophy, 
pituitrin, 103. 
thyroid, 512. 
yeast, 750. 
Metamorphosis, thyroxin, 348. 
Methemoglobin, H2O2, 762. 
Methylene blue, respiration, 21. 
Morphine, decortication, 36. 
sulphate, intestinal motility, 506. 
Muscle, glucose-l-phosphoric acid, 119. 
phosphates, 23. 
dystrophy, metabolism, Vitamin E, 746. 


Vitamin E, 746. 


Neoplasms, crude wheat germ oil, 424. 
fibroma, fever therapy, 414. 
freezing, 220. 
growth, proteins, 369. 
tumor, colchicine, 661. 

Nerve, adrenalectomy, 261. 
regeneration, 636, 638. 
sciatic, anesthesia, 198. 
splanchnic, stimulation, 396. 
sympathetic, embryo, 600. 

Nervous system, excitability, 643. 

Novatropin, atropine, 450. 

Nutrition, bacterial, 607. 


Ocular stimulation, spermatogenesis, 111. 
Optic cortex, strychnine, 248. 
Ovariectomy, growth, 144. 
Ovaries, adrenals, menstruation, 162. 
Ovulation, lactation, 356. 
Oxidation, bacterial, 387. 
Oxygen, blood, exercise, 9. 
consumption, dinitrophenol, 277. 
dinitrophenol, 375. 
phospholipids, 215. 


Pectenine, 398. 
Pectin, bactericidal action, 839. 
Permeability, capillary, inflammation, 164. 
Phage, electrokinetic potential, 317. 
specific factor, B. dysenteriw, 295. 
Pharmacology, aluminum salts, 851. 
spleen, 71. 
Phosphates, muscle, 23. 
Phospholipids, oxygen, 215. 
Phosphorus, alimentary tract, 230. 
rickets, 365. 
starch, 127. 
Photodynamic action, dyes, bacteria, 326. 
Pneumococcus, enzyme, 696. 
infection, p-aminobenzene- sulfonamide, 
148, 535. 
type III, blood, 315. 
9 ia p-aminobenzenesulfonamide, 225, 
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sulfanilamide, 774. 
Polarity, temperature, 590. 
Poliomyelitis, blood-C.N.S. barrier, 

immunity, 370. 

sulphanilamide, 718. 

virus, 532. 
Pollen, alcohol-insoluble fraction, 816, 
Polysaccharide, Vibrio cholera, 157. 
Porphyrin, excretion, 757. 


240, 769. 
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Precipitin reaction, ovalbumins, 97. 
Pregnancy, pseudo-, silver nitrate, 832. 
Pressure, cellular death, 615. 

tissue, 256. 
Prostate gland, trichomonads, 587. 
Pyorrhea ascorbic acid deficiency, 733. 
Pyrwvic acid, Olostridium butylicum, 203. 


Radiation, lymphoid cells, 599. 
Reflex arcs, 86. 
kidney, splanchnic nerve, 619. 
static, kinetic, 563. 
Regeneration, lens, eye, 830. 
nerve, 636. 
Renal oxygen utilization, hypertension, 819. 
Respiration, B. coli, 343. 
fetal, amniotic fluid, 45. 
methylene blue, 21. 
Reticulocytes, protoporphyrin, 65. 
liver extract, 657. 
Reynals spreading factor, testicle, 477. 
Rickets, phosphorus, 365. 
Vitamin D, liver, 812. 


Sarcoma, crude wheat germ oil, 426. 
leucocytic infiltration, 673. 
methylcholanthrene, 439. 

Rous chicken, 820. 

Scrotal sac, 625. 

Selenium poisoning, 519. 

Sensibility, vibratory, surface area, 4. 

Sensitization, active, 340. 

Sera, anti-sterol, 238. 

Serum sickness, 621. 

Shwartzman phenomenon, 468. 

Smoke, cigarette, glycerin, 302. 

Sodium, intestinal loops, 201. 
bisulfite, irritation, 584. 

Spermatogenesis, ocular stimulation, 111. 
sterol derivatives, 825. 

Spirochaeta recurrentis, 330. 

Spleen, ephedrine, 71. 
leucocyte count, 612. 

Staphylococcus aureus, variants, 94. 

Staphylococci, pathogenic, 789. 
types, mannite, 117. 

Sterols, adrenalectomy, 488. 
anti-sterol sera, 238. 
derivatives, spermatogenesis, 825. 

Stomach, anoxemia, 208. 

Streptococci, anticlotting, 84. 


fibrinolysin, 1. 

hemolytic, 75, 690. 

hemolytic, p-aminobenzenesulfonamide, 
311. 


Streptofibrinolysin, antiseptics, 592. 
Strychnine, optic cortex, 248. 

Sugar, blood, water intake, 420. 
Sulfanilamide, blood, urine, 422. 
Surface area, vibratory sensibility, 4. 


Temperature, polarity, 590. 

Testicle, Reynals spreading factor, 477. 
Testis, thyroid, 782. 

Thrombopenic purpura, blood, 402. 
Tobacco sensitization, 381. 
Transplantation, gonads, 314. 
Trichinella spiralis, alcohol, 579, 
Trichinosis, non-transmissibility, 721. 
Trichomonads, prostate gland, 587. 
Trypsin, hemophilia, 494. 
Tuberculosis, thermotherapy, 11. 
Typhoid leukocidin, 61. 


Ureter, pain, 35. 
Urethanes, collodion membrane, 551, 
Urinary estrogen, 123. 

excretion, adrenalectomy, 194. 
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Uterine distention, oestrin, 453. By, extraction, 30. 
distention, progestin, 455. By, Fullers’ earth, 686. 
epithelium, progesterone, 190. Bog, gastric achylia, 429. 
growth, distention, 457. B4 deficiency, encephalomalacia, 129. 


Be, molasses, 167. 

C deficiency, 52. 

D, rickets, liver, 812. 

E, muscular dystrophy, metabolism, 746. 
E, paralysis, 780. 


Venom, Crotalus, 499. 
Vibrio cholerae, polysaccharide, 157. 
Virus, encephalomyelitis, 595. 
influenza, 747. 
influenza, isolation, 134. 


influenza, transmission, 132. Water intake, blood sugar, 420. 
intranasal inoculation, 683. 

papilloma, pH, 562. = i 

Deittacosier 4370 X-ray, lymphoid cells, 597. 
variola, 7. 


yellow fever, 171. Yeast, metabolism, 750. 


Vitamin A deficiency, 82. 
By, 458. Zinc, 211. 


